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Warning 


‘The manufocture, possession, and we of explo- 
sives and explosive devices i illegal without cerifi- 
cation and registration with the proper authorities. 
Ic is solely the reader's responsibility to research and 
comply with al local, state, and federal laws regard- 
‘ng the manufacture, posession, and use of explo 
siver and explosive devices 

“The procedures described in this manual and 
the resulting end prosiucts are extremely dangerous. 
‘Whenever dealing with explosives of any type, spe 
cial precautions must be followed in accordance 
with industry standards for experimentation and 
production of explosives. Failure to strictly follow 
‘ich indastry wandards may result in harm to Wife 
and limb. 

‘Therefore, the author, publisher, and distribu- 
tor of this book disclaim any lisbllty from any 
damages or injuries of any type that a reader or wer 
‘of information contained within this book may 
‘encounter from the use of sid information. Use the 
‘material presented in this manual and any end 
product of by-product at your own risk. 

“This book is for informacion purposes only. 
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ines, for example) and rocket-propelled explosive 
u cxampl propelled exp 

fireworks (eg, Warhead Launchers) have been well 
described elsewhere in the literature and are not 
‘covered in this report. Ths treatise focuses on sim: 
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low technology required to produce most fireworks ensures their 
continued availabiliey, despite misguided accempes a prohibition. 

Limiting availabilty of firecrackers, especially to young people, 
‘unintentionally promotes experimentation with dangerous home- 
made explosive devices ruch as bombs made of steel pipe or Oz 
‘cartridges filled with gunpowder. Furthermore, bans on nonlethal 
fnoise-makers encourage the dangerous custom of discharging 
firearms into the air during celebrations (where is chat projectile 
‘coming down). 

"The technical information provided in this report & complete 
‘enpuih that anyone with a rudimentary understanding of chemistry 
tnd the ability to follow detailed written descriptions should be able 
to reproduce any of the fireworks described. This is not to say chat 
everyone ought to do so. There are certain inherent risks in making 
fany kind of explosive device, even small and seemingly innocuous 
‘ones. The methods presented in these pages are less likely to resule 
in unfortunate accidents than ate the methods presented in many 
other publications about fireworks and firecrackers, provided chat 
fall indicated safety precautions are followed without exception. 

‘Certain conventions have been observed in writing this book 
for the sake of convenience and style. The indiyidual sections 
describing specific items usually begin with brief historical discus- 
‘Sons, followed by discussions of construction techniques and ending 
with wofety considerations. Among the grammatical and stylistic 
conventions fs the use of the pronoun “he” in reference to the 
pyrotechniat, even though some pyrotechnists have been, and con- 
Tine tobe, ofthe fairer sex. This i not mean vo demean, but mere 
Ty to simplify the atyle. Also, some of the descriptions astume, for 
simplicity, that the pyrotechnist is right-handed. I 6 assumed that 
those of ts who are left-handed wil beable to extrapolate and trans- 
pose the descriptions for their own purposes. A most important con- 
‘Vention i tha all forme are given in terms of mass (weight) and 
‘not volume. This practice is standard within the fireworks industry. 
‘Some formulae are given in parts, others in percentages, but all efer 
to measurements of mass. 

Tn every case I have tried to provide accurate, useful informa- 
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tion and avoid the vagunes, and even cutight mi 
steered in ome odher publications Too een thee publing 
Pretechnic information fr the “uc back" pay lle tention to 
rodkcing quality work. Some go 20 fr fo reprint ancient of 
‘creme danger ormlatswithout even Proving podcot 
Saming er precautionary information, Ths how these im A 
Professionals Gude o Pech does provide many reaiely 
<angerous formations, bt ll come with appropiate warning and 
‘Precautions. Take these warnings and precautions seriously. 
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DPotechnic practices in every country in the workd. Therefore, 
potential experimenters residing in ocher countries oughe to inves, 


‘An interesting snd informative publication, ATF-Explosves 
‘Lowy and Regsdaions, is available from ATF a the following seen. 


Brea of Alco, Tobece, yd Frese 
Department ofthe Tiessury 

P.O. Box 189 

‘Washington, DIC. 20044-0189 
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rove atic herteal bhp ane 
‘mos small exploding revo 

Cywohin ef peceas ec 
oie by two kinds of rocene, delagion 
turing) and detonation (ene hgh-welacy cates 
tion). As s rule, dflagating low" emery 
have moch lew pont enery cute pera of 


tainer. The ing explosion creates a low: 
velocity shock wave, audible at a loud but low. 
pitched boom. In ‘one often hears this 


‘xidation/reduction reaction, That is, some fuel or 
combination of fuels thac has a high affinity for a 
sadly available source of oxygen (ora similar ele. 
ment) reduces that source of oxygen. This oxide, 
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tion liberates heat, light, and chemical reaction products in the 
“When such a reaction takes place rapidly enough in a con 


athigh-velocity shock wave 
pitched cracking or snapping sound. Technically, scientists and 
Technicians who deal with explosives define a high explosive as any 
‘cxplonive in which the shock wave of the explosive reaction travels 
‘Drough the explosive at arate greater than the speed of sound. A lange 
‘detonation may make a sound reminiscent ofa thunder clap at close 
‘ange, while a smaller detonation (e.g, that of a sliver fulminate 
“inap-n-pop” firework) may sound lke the snap of « high voltage 
clectrical discharge. True detonations can result from combustion 
[processes if the rate of reaction is rapid enough. However, mon tne 
Seronations are #reslr of another ind of reaction in which » sin- 
idle wubstance with an unstable chemical bond (sally a nitropen- 
fitrogen bond) breaks down into two oF more chemical with more 
table bonding, liberating heat energy and gas under pressure i the 


‘Fecause ofthe eave with which a very powerful explosion can be ini- 
tiated. One familiar example of such 2 deflagrating/detonating 
‘explosive is the compesition of potasium chlorate red phosphors, 
‘and antimony sulfide used in ordinary toy pistol caps. Generally 


ronan of the exons depends ion continent ofthe 
trative materials ad can ccc cai 

r= iy under conditions of lil or 
Moe ment of cdr Grcaco sd cpg fro 
sxe phowflsh compontiony ar eplonve charger, Poses cae 
oution a la are chrctred bythe we sme combination 
Boweed metal (r mea) along with an one (or oxidise) 


mount of heat enery relewed. In the United Sater, 
‘aise re legally conatdered claw “A” dexoraning eeplniee fat 
poses of stomge and transportation. Yet serial salutes 

these mixtures are classified as “B" (low) explosives, and small fire: 
cracker at “C"(low)exponives. Hath ae sound minut setualy 
a of both deflagrating and detonating explosives: 
‘0d probably ought to occupy a third category altogether. Fash mix: 
‘tes can explode with no confinement and be wiited by flame, 
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eat shock, or spark. Hnicicion of fash mintres with pe 
Scan Nt ho i rene thet wocits of Srontion 
"The chacrerties of te componions ned to podace explo 
ing Fireworks afec che performance ofthe finished products. The 
Driotechnist can select the type and amount of composition to we 
and the degree of confinement to produce a design that will produce 
Sn caponion ranging nowhere fom the tiniest “snap” cox moder. 
face “bang” to an ear-splitting “crack.” He can produce a low-pitched 
hom” or the high-pitched report of detonation and have 8 pretty 
good idea of what kind of results he is going to have before ever 
Tigacing the fie, The wise pyrotechnit however, remembers that 
‘every batch of chemicals i different, and no two batches of compo 
‘sition will behave identically. 


wil enerally require ster (Le, ore raph-buring)mix- 
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‘to peta feel for their different characteristics. When one is experi- 


‘menting with high ee 
re energy materials, it is important that he keep 


fet sway wil have 1/216 the power ef an eplouon 1 fe 
seal conditions in the open se These one has mach 


= 
a 
smentr should adhere 10 religily. These rule are ot the at 
Se eert owe 
SS ese 


‘The wise pyrotechnist always uses tubes and containers of paper 
and cardboard for fireworks; he never ses tubes or containers of 
‘metal or other hard material. Confetti es lethal than shrapnel 


2. The wise pyrotechnis always wears adequate eye and respiratory 


Protection when working with any pyrotechnic compositions 
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always experiments in an appropiate 
3, The wine prrerc, people and property. wich fe ex 
‘guishing equipment nearby. 
to Godliness, The wise pyrotechnist 
+ conten ones Pear ae 
‘deans up all chemical pills imemesiaely 
tools, He 
wise pyrotechnist always ses, nonsparking 
5 TNs clonal) twos the we of ton and tel ax one would avoid 
the plage. 
Jo treats ll pyrotechnic compositions ge 
Ceri He avd fiction and shock when working 
‘wth pyrotechnic compositions 
only one chemical ata time. He 
7. The wise prtcchnit grind on or oy ater chemical! 
TR scroll chane nding and mixing equipment 
between ues for diferent chemical compounds.) 


avoids using electrical tots and devices 
8 The wise pyrotechnist 


‘One small spark 
around explosives and pyrotechnic 

an cause much grief. 
9. ‘The wise pyrotechnist does not smoke. Smokers should get 


"At the leat, the nonsuicidal pyrotechnist never 
snether hay, Ae thee ore Kee ences od 
tobacco eliewhere before entering the work area. 


protecting on th fe He wes od 
Te wie prec does shin . 
“ ‘quality American-made visco fuse, or an American Japanese 
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block match and quick match to professional, trained 
‘Pyrotechnists. Paper firecracker fuse ought to be used only for 
sal firecrackers: 


11. The wise pyrotechnist always seores fireworks carefully ina secure 
{locked cabinet or magazine and away from living areas. The best 
course sto make up only as much material at will be sed inthe 
‘neat future, and refrain altogether from storing quantities of live 
salutes. Often paper tube and fase assemblies can be made up 
stead of time 30 that they can be loaded quickly just prior to we 
‘withour the dangers associated with storing live materials. The 
‘wise pyro considers what could happen in the evento ire o in 
the event that some local juvenile delinquent burplarizes his tor. 
age cabinet and subsequently gets caught with the stuff. 


12, The wise pyrotechnist stores chemicals carefully. Oxidizers 
should be stored in a separate cabinet fom fuels. Acids should 
‘be stored on the bottom shelf in cheit own cabinet, Never tote 
acids near onidizers. This holds especially true for chloraten, 
which can be inflamed or detonated by contact with sci 


13. The wise pyrotechinist fonds compositions from a covered con: 
tine, closing the container before moving on ta the next step 
fa the operation. 


14. The wise pyrotechnist avoids static electricity a all costs. He 
‘mixes flash compositions on humid days anal makes liberal se 
‘of antistatic peay and avoids synthetic or silk clothing. 


15. The wise pyrotechnist is wary of introducing water into mi 
tures containing metal powders. Compenitions, containing 


some metals, such 2s magnesium and zinc, can ignite on cone 
tact with wae. 


16. The wie pyotechnist locates himeelfabout the nature ofthe mate- 
als he works with before mixing up even a gram of comsition. 
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Technine are good references. Refer to the suggested reading lit and 
Uilogaphiy ie the end of his reais for additional sources of 
information: 


1. J: Hebi ea, “Combation in Leone Oranaar Minors o Pen, 
Kehoe and Alin.” Each semaonal on 
Cobar. (aimore, Wile Wikis Co 1962) 

aes and Daves The Cherry of Powe ond Espen. (ew Yes 
he, Whey, 143) 232 
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demons when it explodes A similar product made with » crude, 
‘often recycled paper tube has been exported widely. 

“The use of chlorates and then perchlorates profoundly changed 
firecracker manufacture during the 19th century. Chlorate and pex- 
Chlorate based explosive powders gave far more punch ro exploding 
fireworks than the nitrate black powder wed previously. Fireworks 
Companies in the United States wanted to compere with the cheap, 
{imported Chinese firecrackers but had difficulry doing so because of 
the difference in labor costs between’ China and the United States. 
So they developed Inge frecrackers—American cannon cracker— 
‘thac used chlorate-based powder and were soldi snes ranging UP 1 
1 foot long or more! These dangerous items became both toon snd 
bane to the fireworks industry. For a time the cannon crackers made 
soond money for fireworks fs, but a the cost of bad publicity from 
the many serious aceldenta that occured with them. The sate of 
medical Care at the time, coupled with the rise of “yellow Journal- 
tum" affected the negativity of the publicity associated with the ie 
‘Cracker busines. At the turn of the century, what we would todsy 
‘onaidera “minor” injury would often end with death or lifelong di 
ability. These problems were exploited by the press, whether in food 


“Around the turn of the century another significant develop- 
iment occurred in firecracker manufacture, Westerners introduced 
the use of photolash compositions into fireworks manufacture at 
hhome and oversen; these were the same kinds of powders photogra~ 


Hie family of Washington, which manufactured the famous “Hitt'’s 
‘lasherackas.” It is far from cleat, though, who first wed photoflash 
‘componitions as explosive charges in fireworks let alone who intro- 
‘Gaced the practice to the Chinese. In any case, the introduction of 
‘metal fueled flash powders, known simply as “flash” in the industry, 
fevolutionied firecracker manufacture. Overnight, smaller fire- 
Crackers became more potent and therefore more dangerous. 
“The 1920s were the heyday of che firecracker business. 
Improved technology combined with increased disposable income 


‘Rreorocker History 


‘While many aide the ewes 
z community blame 1 
air pop carci fv the ferent 
bain ec scm ave aed much Ree the nt ee 
smi the come Renn lu minine 
‘hich fe ewe tines en van 
ila reworks brine reset 0 man orpotn 
‘he criminal enteprener tat te ay doula the soe 


n 


ment will ever effectively prohibit the firecracker busines. At or 
ment wines i llega Gecrackers and ever more gigantic fash, 
sent the Mere prevalent in the weeks before Jly 4 than it ever wre 


restraint among 

‘jar of the bootleg firecrackers and flat bombs 

fall, mort available and most widely 

hac have enacted tou fireworks prohibitions. 
‘The: 


and eared ewer 
ering ew ae the maker aber 10 Pope 
Mat te ea uti fen dor he. Bat 
then, they are law enforcement ‘bureaucrats and not usually et 
the they a st check cesar 


teated about the process and 


‘considerations. Many people of 


ret ae highly touted by cee 
raat gunn A pat rome of 
SSR Pour Man’ james Bon yet 209 
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Tools and Supplies 


Firework making requires the use of a selection 
of specialized tool. Some ofthese can be made eas- 
ily In @ home workshop. Orhers can be bought 
through chemical supply houses, pharmacies, oF 
‘other commercial sources. Basic chemical lab ware 
‘can often be found at large colleges and universities 
‘through their surplus property disposition faciliies. 
‘Are apply stores can often supply specialized papers 
and cardboard, as well as decorative macerials lke 
paints There are several toolmakers who eater to 
the fireworks trade, and they advertise in mowt of 
the trade publications. 


Balance scale—Some kind of scale, accurate in 
‘weighing small quantities of materials, is a 
‘must. For general ue I have found the triple 
‘beam Inboratory balance to be without parallel 
Some people prefer a powder balance such as 
fgun enthusiasts use for relonding cartridges. 
However, for simplicity, reliability, and ease of 
‘use, a student-grade lab balance like the Ohaus 
is probably best. Electronic balances are neat 
‘but tend to be temperamental, expensive to 
bbuy, and relatively expensive to maintain, 
Spring scales are notoriously inaccurate. 


Blender—The kitchen blender, or similar device 


‘sich as a coffee grinder, can be used for pulveris- 
jing many chemicals. However, the wise 
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pyrotechnist carefully cleans the blender after each wse in order to 
‘sure chat ie ground chemicals remain fre of contaminants and 
be certain that no unwanted mixture i produced during the grind 
ing process. Because of the potential for accidental ignition from 
impect or electrical discharge, whether static oF from the motor, 
blenders are never wed for mixing dry pyrotechnic compositions! 


‘Corks--Narural corks, the oli-fashioned ones mak from cork tree 
Tbr, make good end plugs for some kinds of fireworks. In earlier 
decades they were extensively ved or this purpose, but because of 
ther expense, cork are no often used for this purpoe now. Corks 
ie light in weight, ot, and very well-suited t this purpose: OF 
‘oune, ynthetie ruber or plastic “corks” are not well-suited for 
there purpowes, since they are hard, dense, and make relatively 
dangerous ling projectiles 


‘Fse—Several kinds of fe are wed in fireworks making. The best 
kind for making firecrackers today, as well as for many other 
applications, is known as isco safety fuse, also known as green, 
Slery fuse, cannon fuse, safety wick, and v0 forth This a black 
[powder fase covered with a thread wrapper and ne oF more lay- 
rs of nitrocellulose lacquer. This fare comes from several differ- 
tent manufacturers in several countries. To date, the best visco 
five in a He" clans “C" grade is made by the American Visco Fuse 
‘Company of Gibraltar, Michigan, near Detroit. The wort ts 
made by the People’ Republic of China; itis absolute junk. 
‘Time fuse for serial bors comes in many varieties. The best 
‘ones are the Rost "time fuse and the Japanese 1° time fuse. 
‘The wont time fuse has been a Chinese one similac in appear- 
‘ance to the Romi fuse but very much prone to failure. Ensign 
Bickford makes a blasting safety fuse similar to the Romi fuse 
that is very good bur difficul co get, since Bickford will not sell 
fe to fireworks companies. Remember, the wise pyrotechnist 
‘doesn’t skimp on the fuse; he takes the time and trouble to get 
food fuse. Als, he is aware thar time fuses such as the Japanese 
me fuse burn intemally I i wsually difficult to determine by 


Toots and supplies 


visu inopecton whether or ot they ae lit an baring and 
20 they are more dangerous 10 une for many applications then a. 
‘Sy fae tht bare xtra. 


Fe cotter There are several designs avaiable in the published 
Proechni lean or device ede to cut has lk 
ey and with minimal wouter expense, Aol foe cu 
Cer will eve the wie pyrotechnic mach me and work 


Com 0be feline GA oa 
‘Wher oes wong wh tonc omnes pes 
a nl ean ge tc nie 
leds domme propor ees het 
so hen ar re 


cy Shar may be hing i meson, othe has 
‘wed Ordinary wallpaper paste made foe wheat arch wih de 
‘yrlnal addin Sf kum slicer saat none ant 
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‘Hide glue comes in many forms, both peepared liquide and solid 
‘chunks for heat application. Franklin's Hide Give works well or 
‘many pplications where an animal glue woukd have been wed 
in decades past. 


Epory resin gues are outstanding for applications like gluing 
mortar tubes on bases where great strength i required. 


Hormel gue remains popular for cerain applications. A. peo 
Chemical product applied with a special gin dapensr, hot melt 
te works well or binding porous materials, but oe mt exereise 
fare when wing iin the pyrotechnic workshop Becae, int, 1 8 
Sppled hot, and, second, the dispenser gune are clctical apple 
ites with ll dhe hazards elctiiey beings to pyrctechny. 
Sileatlcarbomate adhesive was popular in the faeworks industry 
in the 1950s and 1960s for makin end plugs im saluces. This 
‘oteral ually didn stand the tet of time and often crumbled 
in storage. However, for history sake, the maverial is made by 
fedding thick sodium slicate solution to precipitated. chalk 
(CaCOy) until a heavy creamlike consistency t achieved. i 
trust be used quickly because ie st up like Cement rather than 
drying like moat glues. Some ofthe okd-time pyrotechnic man- 
‘factuers (in the lace "60s and early "70s) would dispense this 
‘cement from plastic aquceze bottles such me those sometimes 
ted for dispensing catsup in cheap restaurants. 


Jigr—A tool known as jig is sometimes useful or necessary to hold 
Tubes, cup sets, oF fireworks in postion while filing 
‘or performing some other operation upon them. Often such aig 
an be made by deiling holes in a board with a drill press. The 
holes wll accommodate 2 particular diameter of tube, or tubes 
can be supported upright from the inside if dowels or metal rode 
fare set in the board. 


Paintbrushes—Paincbeushes can be very weful in the pyrocechnis’ 
‘workshop. Larger ones can be wed to apply plue or paste £0 
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paper while making tubes. Smaller paintbrushes with natural 
fiber bristles can be used to si lash powder and other pyrotech- 
nic compositions. For 


ime be among the odor groupe of rey jon Bate, fot 
‘canola, wont im hie 15 beck cn focoart-woing that old 
ity fis vied the bot papermaking cet cra 
tee and cney ting oe rel tennw ell Bng 
more ecologically sound “using virgin paper. Today we use 
inn hind of pup ou oR ape ey ce 
‘tent per made fmm wood pay oe wd wake 
‘ube end pap, sd dk Ke ae many tices 
<= “ecihts” Grocery tps for tan, fen mace om 2 
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some aerial 
mes find use in fuse making and 2s parachutes in 

reworks Probably the most weful ue i Japanese variety 
Called Ganpi or Campi, which is very strong both dey 


pepers| mn other- 
‘snd colorful origami papers can easily beautify 

ine diab paper tube. The inventive pyrotechnist can vse many 
Kinds of waste paper with a little imagination—we Were recy" 
cling long before it became fashionable. 


‘made for reloading rifle and pistol cartridges were sold for 


‘oop chat range in size from 0.3 ce up to 4.3 ce tn increments 
B10 to 0-4 cer This et of tools lends itself well to many tasks 


in pyrotechny. 


‘Presses iso handy tool for the pyro workshop, espe 
wy shores ever masa to make whitey rocket. Tage 


tages over ramming with a mallet, including consistency of 
fesults and reducing hazaed from shock and impect. 


aan 
rst lara ate ret 
aes aoe 
oer iee 
oon ee oe a 
Se eS cee ae 
Serle 
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[Rock tumbler—A rock tumbler such as lapidary enthusiasts use for 
polishing stones makes a good ball mill for grinding chemicals 
and mixing some pyrotechnic compositions. Usually this 
process is accomplished by cumbling the chemical(«) with the 
sddition of some grinding medium such as brass oF lead balls or 
specially designed ceramic grinding balls or cylinders. The 
‘grinding medium tumbles in the tumbling jar along with the 
chemical(s), crushing any softer material that falls between two 
pieces of the rumbling medium. The wise pyrotechnist avoids 
‘grinding pyrotechnic mixtures that are likely to explode from 
fiction or impact (such as flash powder)! 


Sieves—These are important for mixing compositions. There are 
seves commercially available from ceramics suppliers that work 
well. Sieves are described according to mesh aise. (There is 8 
variety of standards for sieve mesh sizes around the world, but 
the American standards are used in this text.) While i i not 
‘exact, one can think of the sieve mesh number asthe number of 
‘openings per linear inch in the sieve surface. For instance, 
scquare-inch surface of 20 mesh sieve, under the American sys- 
tem of classification, will have 202 or 400 openings in each 
square inch; the higher the number ofthe sieve, the smaller the 
‘openings in the screen. Sieves for mixing powders should be in 
the 20-40 mesh range as a rule and be made of bens, bronte, or 
‘other nonsparking metal. Ordinary steel screen sieves are not 
suitable for pyrotechnic we since they ace a spark hazard. 
‘Stainless steel can be used for some purposes where corrosion 
‘resistance is a consideration, but ic can cause sparks, as when hit 
‘with ceramic grinding media, 


String—Good quality string has many wes in pyrotechny. The 
‘Chinese often use hemp fiber, which is now difficult to come by 
in the West. American and Italian pyrotechnists tend to favor 
flax twine for many applications because of its exceptional 
sarength. However, 2 good quality cotton or cotton/polyester 
string can be used for many of the applications described here. 
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Chemicals 


For many pyrotechnists, obtaining reliable p> 
plies of chemicals can present problems. At present, 
‘several chemical suppliers will sell echnical grade 
‘chemicals to uny adult who chooses to seek them out. 


sake, the purer the chemicals, che better. Long tea- 
tises have been written about various chemicals and 
‘wades of chemicals, specifically pertaining wo theie 
tein fireworks making. Here is some information 
‘and afew pointers on the chemicals wed inthe pro: 
cedures described in Big Bang Theory and Practice. 
‘Many, ifnot mast, pyro chemicals are toxic to some 
degree. The wise pyrotechnist treats them accord- 
ingly and takes responsibilty for preserving hi 


lar for use 25 2 binder andjor fuel in many 
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pyrotechnic compositions. Ir is soluble in most aleohols and 
‘other nonpolar solvents, but notin water. 


‘Aluminum powder [AIl—Aluminum powder comes in many grades 
and varieties. These are usually designated by particle site, shape, 
and sometimes bya trade name, brand name, or code number. Fot 
‘we in smaller exploding fireworks, the best grades generally are 
400 mesh or smaller. The best particle shape is lake, because this 
thas the greatert surface area. Absolutely the most powerful grade 
of aluminum is known 2s German black or German dak. Two 
firms in Germany manufacture this aluminum under the trade 
‘names Black Head and Gloria. Some American firms make 2 
claus of aluminum powder known as American dark pyro grade 
tac i usually about 400 mesh and works quite well, but not 50 
well che German black. One well known kind of American 
dark is the 809 made by Reynolds or Alcoa. The Germans make 
| variety known oe "Blue Head!” that is roughly equivalent to che 
American du uni, Aluminum powder 1 sho made fe 
(ranula and sphersal particle shapes, which are nextto 
fast resorts, respectively, when making exploding fireworks. 
‘Alumicum dust is» known health hazard: when breathed ic can, 
‘damage the lungs. Also, some medical researchers believe that 
sluminum intake i related to the development of Alsheimers 
‘dlsease, Respirator use is indicated. 


Antimony [Sb}—Antimony metal is called for in many anciquated 
‘pyrotechnic formulations. At present, powdered antimony is 
‘ficult ro obtain in the United States due to es regulation ms 2 
toxin. In the days before aluminum and magnesium could be 
produced inexpensively, antimony metal provided 2 metalic 
fuel tource for many pyrotechnic matures. Antimony reacts ls 
‘violently with oxygen than do either aluminum or magnesium. 
However, antimony and its salts ate toxic; caurion and the we 
of protective clothing are indicated when using antimony oF 
any ofits salts (see Antimony wulfide). 


‘Chemioats 


Antimony sulfide [Sb2S3}—Ancimony sulfide is supplied in two 
varieties: che black triulfide known as stinite or "Chinese 
‘necdles" to mineralogists and the orange-colored pentatulfide 
[Sb,Ss]. For use in fireworks, the black trisulfide of atleast 350 
imesh or finer should be used. For use at an additive in flash, 
the common 200 mesh “Chinese needles” will do. Antimony 
salts are toxic, 8 are most heavy metal salts. Respirator use i 
indicated. Also, the smoke from antimony-based compositions 
is toxic. 


so known as “realgar," arsenic disul- 
fide is an orange-colored walt of the heavy metal arenic, used in, 
snaking “cracker balls" and in some smoke compenitions. The 
best grace comes from Japan. Because ofits tonicity, this mater: 
{ali regulated by che EPA and is increasingly difficult to find in 
the United Seates. The wise pyrotechnist uses gloves and a es: 
pirator when working with realgar 


Barium nitrate [Ba(NO,),)—Barium nitrate is sometimes used 
‘in flash mixtures at » substitute for potassium perchlorate It 
produces a good quality lash less sensitive than perchlorate 
flash. Bur there isa trade-off in that barium nitrate is quite 
tons: Since canbe absorbed directly dvough he sin 
expecially when mixed with perspiration, gloves and respira: 
tor ae indicated. Se 


(Charcoal {C}—The best charcoal powder for use in fireworks i+ 
Probably willow charcoal. However, charcoal sourced from 
soft maple or cottonwood will alio work fairly well. The 
ppyrotechnist avoids pine charcoals and those sourced from very 
hard woods, except for certain specific applications that call for 
them. Charcoal powders made commercially are graded accord 
ing to size in mesh sizes ranging from greater than 20 mesh 
(Coane) all the way down to airflost (AF) grade that is a very 
fine, dustlike powder. 
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Pr known as red phosphors, 

Phosphor, smorshow [P4l—Alo Bien, 
works, primarily in the manufacture of toy pistol cape and for- 
imerly in certain torpedoes and other impact-sensitive devices. 
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Compositions produced with this chemical are to be 
approached withthe greatest of caution. Red phosphorus i very 
reactive and forms compositions ofthe greatest sensitivity. One 
should not confuse red phosphorus with her even nastier sister, 
white (yellow) phosphorus. Compositions containing phospho. 
‘us must be handled wet, and inthe smallest possible quantitie, 


Petroleum jelly—This is sometimes used as a component of whistle 
compositions that use hygroscopic fuels, such as sodium salicy- 
lace. It seals the otherwise water-absorbing crystals and also 
lubricates the mixture, aiding its safe compaction. 


Prime—Many applications require that fuses be primed, that is, 
coated with a flammable mixture to ensure ease of ignition, 
Many kinds of prime can be wed, but one good kind it known 
= ‘powder prime, This is made by mixing 
irglad ck power with nocllulone lacquer Nicene 
lacquer, also known as nfe lacquer in the trade, is usually sup. 
plied as 9 10-percent mixture in acetone or other thinnet, The 
finished prime should contain about 2-percent to. 3-percent 
‘nitrocellulose inthe finally dried priming mixture, The mixture 
will need to be thinned with acetone at needed while preparing 
‘and while using since the acetone evaporates very quickly. The 
‘Pyrotechoniat weighs the componente out after calculating how 
‘much lacquer will be required for a given amount of meal pow. 
der. He pours the mixture into a suitable container —polyethyl- 
‘ene containers work well—and thins to the consistency of a 
thick soup with acetone. Fuse ends can then be dipped into the 
mixture to prime them. This mixture needs to be sired fre: 
‘quently to maintain its homogeneity. 
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“The best technical grade of potassium chlorate at present comes 
from Sweden, where itis electolyzed with the hydroelectric 
power so abundane in that part of the world. 


Potassium nitrate [KNO3]}—Also known as “saltpete,” potassium 
‘nitrate is the oldest known oxidizer wed in pyrotechny. For use 
im black-powder-eype compositions, even the coarse agricultur- 
al grade of nitrate & adequate and extremely inexpensive. It is 
‘relatively nontoxic in small quantities. 


Potassium perchlorate [KCIO,}—Also known as *perc,” potassium. 
perchlorate Woe fhe mon wie wed xin rec 
‘ny. For many applications it is preferred over the chlorate 
‘because of les much wider margin of safety. Consequently, it has 
| better reputation among many prrotechnuts. Unfortunately, 
the perchlorate is simply not suited for some applications, such 
‘as caps and torpedoes. 


Silla [810;}—Commonly known by the trade names Cab-O-SiL 
‘and ActoSil fumed silica duse often ined os yn additive for 
fash posers to increase the strength of the mixture. The Fane 
tion Of fumed sea w to keep flash fy and free flowing, 
fenhancing Name propagation through the mixture. Fumed alt: 
nis ued in the tool and die industry ata mokd-cleae agent. I 
omes as a flufly white crystalline powder that floats easly in 
the ait Fumed sia isnot toxic or explosive, but tis hazandous 
to bremhe, similar in many ways 0 asbeston ds. Respirator we 
isindicated when working with fumed alia 


Soxtium salicylate [NaC7H,03}—Sodium salicylate isa white crys- 
talline powder, chemically related to both aspirin and menthol. 
Ie is quite hygroscopic: that isto say, ie has a marked tendency 
‘to absorb water from humid aie. Sodium salicylate is ued ae 3 
fuel in some varieties of whistling fireworks. The ideal particle 
size seems to be a nominally 200 mesh powder all passing 180 
‘mesh and retained on 220 mesh. Sodium salicylate mast be dry 


‘Chemicals 


+o function well in these devices. When wet the powder can be 
hheated by itself to 2509F to dry. Dried sodium salicylate should 
‘be sored in airtight containers. 


Sodium silicate [NsjSi,07}—A solution of sodium silicate in 
water (water glass) is commonly used as component of several 
adhesives, including some used for plugging tubes 
‘and also as an adhesive for making the agglomerated finishes of 
cherry bombs and globe torpedoes. Solutions of sodium silicate 
are commercially available in many concentrations the higher 
the peeentgs of sd late i the solton the more i 
cous ‘« will be. For use as a pyrotechnic adhesive, the 
‘concentration should be atleast 20 percent and not more than, 
49 percent. Sodium silicate solution is often availabe in well: 
socked pharmacies or hardware stores, where ie may be called 
‘either water glass oF epg preserver. 


Seer 1 Secarin ea eda 
Ep em me peer 
‘abu 


Sulfur (S}—Sulfur i a widely used foel in pyrotechny. The best 
trades for making reworks are those “wlfr flours” made fr the 
tre and rubber industry. New batches of wlfur should be tested 
fr residual acidity, which can be dangerous in many pyrotech- 
‘ic applications. Acidic wlfur (for example, “lowers of tulfur) 
‘can be buffered wich magnesium carbonate (@ 1 percent) 10 
‘relieve this acidity. 


‘Titanium (Ti}—Finely divided ticanium is sometimes added to flash 
‘Powders in onder to give bright sparks with the explosion of aerial 
salutes. The best grades for this are granulated or sponge powders 
‘around 20-40 mesh. For we in ground explosions, smaller mesh, 
sises are recommended to decrease fire and safery hacards. The 
wise pyro avoids the use of titanium in ground salutes and fie: 
‘crackers because the hor metal sparks are hazardous, 
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Water 0H,0}—Water has many wes in pyrotechnics: When using ‘ 
ie a solvent oF mixing ab, the experienced protechnist 
[refers the purest water pouible for mest applications, Distilled 
water is probably the best, followed by deionised water. Tap 
‘eater and well water are ofen noe auitable for many pyrcech: 
‘ic applications because of high contents of dasolved minerals - 


Chinese Firecrackers 


far as making his own paper if suthenticty is = 
‘major consideration. 
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‘The concept is simple, although the process is rather involved. 
Fiber for the paper can come from any other wastepaper, or natural 
fiber cloth, or shredded plane fiber from plants like hemp. The fiber 
‘needs to be cleaned and suspended in a water bath along with any 
fragrance, color o binding agents. Ics filtered out on sezcens, chen 
stacked, pressed, and dried. Then the paper is cut to sae for tube 
rolling. There are many fine books available on the art and craft of 
paper making. 

(Chinese Firecrackers is an excellent file that shows traditional 
(Chinese firecracker making in Shanghai around 1948. This il has 
been widely duplicated and circulated among the members of the 
Pyrotechnics Guild. Chinese Firecrackers has also been available at 2 
6mm film from the University of Illinois Film Library. The fl 
shows the manufacture ofthe old "double voice” cracker, including 
‘making the tubes using a “pulling bench” and a cylindrical case for- 
mer. The pulling bench is essentially a table, above which fxm 
pended a weighted board that is free to move back and forth lke 2 
Pendulum just above the table's surface. Paper sheets with some glue 
te rolled around a cylindrical wooden case former and then rolled 
under premure on the pulling bench to the desired size. The cases 
tare then cu to the desired size with a shaep Knife. while still wet. 
‘The trimmed tubes are hung up in open air and allowed to dey. 


Makiog Tubes 
“Making hand-rolled cases without even a "pulling bench” is per- 
fectly feasible in small to moderate quantities Al that bs requited is 
a clean, flat work muface, a cylindrical case former such as a lac” 
‘quered wooden dowel o brass rod of appropriate diameter (that is, 
iatching the inside diameter of the finished tube), some glue or 
paste, and a quantity of rectangular cut sheets of paper. Firecracker 
cases are “dry-rlled," meaning that the adhesive ts applied only to, 
the very inside and outside layers of paper. This is done 20 that when 
the cracker goes off, t shreds into conferti rather than 
{to large chunks of woodlike cardboard, which would happen ifthe 
‘case were “wet-olled” with paste or glee applied throughour. 
‘The procedure is described in George Weingar's Pyrotechnics 


‘and other books. The paper is fanned out on the rolling surface 50 
that a strip of glue can be applied to boeh the leading and trailing 
‘edge ofthe paper stack. A good glue to use is a wheat paste, such a 
“wallpaper paste, with about 5-to 10-percent sodium silicate solution 
added to the finished paste to harden the tubes. The case former i 
then placed on the leading edge of the paper stack. The sheet(s) of 
paper required are folded over the surface of the former, which is 
then rolled up the surface ofthe rolling table. When the paper tube 
reaches the end ofthe sheet, the glue on the sheet seals the outside 
ofthe tube. The case former is removed and the tube stacked vert- 
‘ally to dry. A band saw or tubing cutter can later be used to cut 
tubes t0 desired length. Some pyrotechnists use a tubing cutter 
designed to cut plastic pipe for plumbing purposes. This cutter 
resembles a pair of pliers with a razor-sharp blade on one face, 
‘Another good way to make tubes is to use adhesive-backed kraft 
‘paper tape rather than plain Kraft paper; ic is easy to we for small: 
‘diameter tubes. The paper tape is simply rolled on the former, wet- 
‘ing the inside edge, and wetting the outside edge. The rolled tube 
is then tapped on the tabletop to straighten out the top and boctom 
of the tube before the glue sets firmly. This process can be modified 
to produce a top-notch wet-olled case for whistles, rocket motors, 
German-style Knalllorpers, of British-atyle thunder flashes. 
Sopplies wed include several case formers made of soli brass oral 
‘minum rod, some petroleum jelly, some transparent plastic tape, cut 
Pieces of kraft paper tape, and a tray of warm wares. All but one of 
the metal rods ae lightly greased with petroleum jelly. Next, a plece 
of paper tape is rolled around the rod tightly, forming a dry tube. 
‘The pyroeechnist then tape the end of the tube on the table ao that 
te becomes nice and even. The outer edge ofthis tube i fastened 
shut with a piece of transparent plastic tape along its length, but 
leaving some paper exposed. The maker then slides this tube off 
‘onto one of the greased rode. The process is repeated until he bas 2s 
‘many tubes as his rods will accommodate. Then he places them all 
fn the tray of water and allows them to soak several hours. Finally, 
the tubes are removed from the tray and allowed to dry thoroughly 
‘hile sill on the forming rods. The plastic tape ie removed from the 
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‘mixture should be ar close to boiling at possible when the mixing 
start. The composition is mixed in blender for several minutes 
(ong if the charcoal is coarser than aie float). Then the pyrotech 
nat adds a quanciey of ‘ethyl alcohol, pure iso- 
‘propyl alcohol, or pure methanol (ep. gx line antifreeze)}—equal in 
‘weight tothe water used. An immediate dectease in the spccd of the 


's very soluble in hot water, is nearly insoluble in 9 50/50 mixture of 
water and alcohol. When the alcohol is added to the waterniteae 
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solution, the potassium nitrate precipitates (drops out of solution) 
‘quickly, forming minute crystals throughout the auspended charcoal 
‘and sulfur mixture. The blender runs for several more minutes; this 
keeps the creas of nitrate very small. The slurry is then run 
through filer paper in a fileration funnel. Some hobbyists substitute 
fora fileration funnel the coffee basket and filter from a drip coffee 
‘maker. The leftover water/aleohol mixture is discarded. The remain- 
ing semisolid mass of surry can be spread out on paper, ich as tev- 
cal okd newspapers, to dry in the sun. When the mass is nearly dry 
land crumbly, it is un chrough a coarse brass screen to break (€ up 
‘into a coarse powder. When completely dry, this powder can either 
bbe crushed with a rolling pin eo make fine powder (meal) or used in 
large, popeor-sized chunks in lager crackers oF to lift serial bombs 
from mortar tubes 

“There are several variations on this method, most of which 
‘work quite well. In all cases the wise pyrotechnist uses great care and 
teat the powder with the respect i is due. 


Paper Firecracker Fuse 

“The paper fuse found on most Chinese firecrackers s made from 
' paper whose origin, elther in style or in fact, is Japanese. Iti very 
long-fiber tissue paper, either Ganpi (Gampi) or some other variety. 
LW the artist wishes to make his own he will need a good grade of 
Japanese tissue paper. The Western varieties of machine made paper 
have shorter fibers and are not strong enough to do the job. Many 
‘of the natural papers used to cover the frames of model airplanes are 
‘Quite suitable and affordable. More expensive, although often better 
‘in quality, are the high-quality Japanese tisue paper ed by artists 
Larger art supply stores often carry these. When the wise pyrotech- 
‘ist finds a good source for a suitable paper at reasonable cost, he 
buys it and saves ic because i is not always easy to find. These papers 
fare made by hand in small quantities, and availability varies from, 
‘month to month and year to year. Alko, the model airplane hobby- 
‘ars have larely been turning more and more to synthetic coverings 
{for their work. This trend may reduce availability of the ordinary 
Japanese tarue chat is 40 suitable for making paper fuse. 
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Im addition to Japanese tissue cut along the grain into strips 
about an inch wide and perhaps a foot to two feet long, the fose 
‘maker should have a good grade of homemade meal (fine dus black 
powder), a dish of water to which has been added some potassium 
nitrate (about 5 t0 10 percent), and a dash of dextrine (about Ito 
2 percent). A clamp to hold taut the end of the fase paper will be 


with asmall hole drilled in one end and a cork closing the open end 
of the tube. 
‘The paper strip should be creased lengthwise down the center. 


with the left hand and begins to twist tightly the very end of the 
‘paper strip 40 that i forms a spiral wound tube filled with black pow 
dee. Keeping the paper taught, he releases the paper 

‘hand's gragp while ewinting quickly with the lef thumb 
finger. Finally, he dips his right thumb and index finger 


together, and then all of the bottom ends are crimped shur with 2 
sharp bamboo stick. The bundle is flipped over and covered with a 
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‘slued sheet of paper that sea ll the tubes, Another sheet of paper 
{wound around the side ofthe bundle, forming a boxlike, hexago- 
nal tray atop the tubes. A sharp stick is ured to puncture the tops of 
the tubes. The required amount of powder is then poured into the 
tray. The bundle is shaken horizontally until all of the tubes are 
filed, A lire powder is emptied from each tube with a knock of the 
rralm on the diagonally held bundle. Fuse is inserted in each hole. 
Frnally the fuse ends ae crimped shut similarly to the bottoms of the 
tubes. The crackers are chen ready for braiding and packaging. 

Tt fe more practical for the Western hobbyist to make quanti- 
‘tes smaller than a thousand. Yet the same basic technique has an 
advantage over making the crackers singly: the time required 10 
prodhice the firecrackers is reduced, s0 more can be make with a 
similar amount of work. Making them a litle larger makes for a 
‘more impressive device that is also easier to handle with clumsy 
‘Western hands. Some hobbyists roll their tubes on a Ke-inch for- 
mer, making them about Minch to i inch outside diameter. The 
specifications for che tubes are variable. However, the tubes in 
‘each separate batch need to be uniform in size or else the bundle 
will be unmanageable. 

‘The pyrotechnist makes « uniform hexagon of the finished 
tubes about 4 inches on each side and ties this bundle top and bot- 
tom with song ‘wine that shoe makers use works well. 
‘Then he seals the bottoms with crimps, wing an ice pick or acratch, 
saw. Turning the bundle over, he seal the tops with a sheet of thin, 
pasted, kraft paper. A strip of pasted kraft goes around the “circum= 
ference” of the bundle, forming a shallow tray on top. Then the 
artis allows the paper to dry. 

“To load, the pyrocechnist starts with a small amount of clay if 
making a black powder cracker. Ordinary ed, powdered clay rom a 
ceramics supply house works well. Ths stamped into the bottom of 
‘the tubes with a brass rod. Next he pours in the meal powder to fil 
the tubes, knocking alittle out afterward. (Good quality commercial 
‘meal makes the best cracker, but good quality homemade meal it 
probably closer to the historically authentic mixture used by the 
‘Chinese for centuries) Then he places the fuses down into the pow- 
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“To make flash crackers, he follows the same procedure but omits 
the clay and the final sring tying entively, merely crimping toch 
‘ends shut with an awl. Flash should never be camped ether ta fact, 
'e works best when left loose in the tbe. See the chapeer om flash 
powder (Chapter 5) for procedures on making 

‘Ordinary glassine paper from an arises supply shop can be dyed 
any color imaginable and makes a great cracker peck realy indis- 
tinpuishable from the old fashioned 


Flash Powder 


Flash power, the silvery or gray powder used in 
flash firecrackers, silver salutes, M-80x, and the like, 
‘is easier to make than black powder, but more dan 
‘perous. There are myriad variants of flash powder, 
bc all use a metal powder as fel, combined with an 
‘oxidizer oF oxidizers such as potassium perchlorate 
IKCIO or porassium chloraze [KCIO3), and some- 
‘mes with another fuel component ot components 
thae act to modify the burning rate (auch as anti- 
mony slide), oF to desensitize the mixture (for 
‘example, stearin). Several formulae are given here, 
allof which can be used. A rule of thumb ie that the 
hhotter the mixture, che more successfully it can be 
‘used in amaller devices. The larger the device, the 
Jess one has to be concemed about the particle wise 
(of the fuels or oxidizer, of how well-mixed is the 
‘composition. For small firecrackers, that is, amar 
than a cherry bomb, these considerations are more 
critical. The compositions below are ranked in 
order of increasing potency and increasing sent: 
‘ty to accidental ignition. The fst ewo mixtures are 
the least dangerous to make and we. 
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Potassium perchlorate 
Ikc104) 


Potassium chlorate un 
IKI) 


‘Aluminum powder, German black 3015.27 
tall 


‘Aluminum powder, American dark 17 
tau, 


Antimony sulfide os 
[sbr85) 


Sulfur ” 7 
is) 


‘Some pyrotechnists say to religiously avoid mixtures containing 
chlorates and sulfur or sulfides. Such mixtures are invaciably more 
sensitive than simple mixtures of oxidizer and metal powder. Also, 
the wise pyrotechnist who chooses to use sulfur i always certain to 
‘se a good grade of sulfur without acid content, since the presence 
fof cide in such mixtures can trigger spontaneous combustion. 
Sulfur can be mixed wich an alkaline buffer such ax magnesium car- 
bbonate to help avoid this problem. Less than 1 percent of buffer is 
generally sufficient for this purpose. 

“There isa price to be paid for using most of the hotter fash min- 
tures. Most of these compositions uie one or more accelerants added 
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ing majority of applications in exploding fireworks, ordinary 70/30 
‘2:1 pot perchlortefauminam lsh mix best 

Regarding the different grades of aluminum powders, there are 
substantial differences in how well they work for flash mixtures, The 
‘bese for small firecrackers are chose wich small particles of fake 
shape. Granulated powders work less well, and atomized (rounded) 
‘powders work poorly. The best grades are the German black arxd the 
‘American dark types. Some pyrocechnists shy away from the 
German black because they believe itis too reactive for their own 
safety. German black is, however, without parallel in terms of the 
quality of report it produces in amall- to medium-sized firecrackers. 
‘The Chinese tend to use 2 grade of alumioum similar to what we 
‘Wester pyrotectinists call a 325 mesh “bright” aluminuen in most 
of their exploding fireworks with very good results 

aluminum powder of pyro grade ts unavailable, ane should not 
subacinute magnesium, zinc, or other powdered metals. tis possible, 
practical, and safer to make a good grade of aluminum powder start> 
‘ng with either aluminum foil chunks or coarse flake aluminum 
(Cicer), which can be ball milled in an ordinary rock tumbler 
‘with a grinding medium such a steel ball or roller bearings. The 
‘wise pyrotechnit is always careful with this process to include some 
surfactant such a8 stearin or Ivory soap ina small percentage, lest 
the process turn out a pyrophoric powder that will ignite on contact, 
with armompheric oxygen. 

‘Now, a few more words about safery. Flash powder, as any other 
high-eneray mixture, requires special care in manufacture and han- 
dling. Ic is sensitive to heat, fiction, shock, and static electricity 
‘Flach will explode in small quantities when confined minimally. In 
larger quantities, pasta “critical mass,” lash will explode even when, 
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‘unconfined: for example, a large enough pile of flash can explode 
while lying uncovered on a sheet of paper in the work area. For ordi- 
‘ary 70/30 flash with no additives, the critical mass a which uncon- 
fined detonation is likely wo occur i around 50 grams. With the 
‘dition of additives such as sulfur or antimony sulfide, che critical 
‘mass is even smaller. The critical maar for chlorate-based report 
‘compositions is invariably tiny. Flash should be mixed outdoors on. 
day with relatively high humidiey as this tends to minimize otic 
electricity buildup. The maker should wear face protection and a 
‘ood respirator to prevent inhalation of the akiminum powder, 
‘hich is injurious to the lungs. The wise pyrotechnist is extremely 
wary ofthe tendency aluminum dusts have to float in the aie around 
the work area. Aluminum dust clouds are explosion hatards, espe- 
cially in the presence of flame or sparks. Mixing is always done by 
hhand—never with electrical cools or appliances. One should never 
‘ind flash in a mortar and pestle ot in anything elee. 

‘One pyrotechnist mixes flash as follows. He prepares his poas- 
sium perchlorae by first running ic chrough # 40 mesh sieve. Ther 
‘he adds percent Cab-O-Sil (fumed silica dst) to keep i uy and 
‘uns ic through the sieve onto a cut sheet of kraft paper. He places 
the weighed out aluminum powder (and any oeher components 
‘other than the perchlorate, chlorate, or nitrate) on another sheet of 
kraft paper. He ads to this foel the freshly ated perchlorate (or 
chlorate or nitrate, or other oxidizer) and begins the mixing process 
by lifting the comer of the paper in rotation, pulling the edge ofthe 
pile of powder over on itself again and again. When the mixture 
‘appears homogenous, he then carefully sifts che mixture twice 
through a 30 mesh bras sieve. Under no circumstances does he we 
‘any tool other than his finger or a soft, clean, natural hair paint 
brush to get the powder through the sieve. He makes up only as 
‘much powder ashe will ue atthe time, since toring loose flash is 
extremely hazardous. 


‘experienced pyrotechnist before experimenting. A good source of 
information isthe seminar on flash powder given annually at the 
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The American Cannon Cracker 


Originally the term “cannon cracker" was 
‘applied to the larger Chinese black-power fire: 
crackers that became popular in the United States 
in the years following the Civil War. Toward the 
lacter part of the 19th century, the Chinese fire: 
cracker had a virtual monopoly on the American 
recreational explosives market. The American fie 
works industry responded with an American ver. 
sion ofthe cannon cracker. Until well into the 20th 
century, firms such as Masten & Wells made and 
marketed large, usually powerful firecrackers that 
were known popularly'as eannon crackers. These 
firecrackers came in many sizes, from smaller anes 
the sise of a modem M-80 up to gigantic salutes, 
‘more than a foot long and well over an inch in 
diameter. These cannon crackers used a variety of 
‘explosive compositions, most often based on potas: 
sium chlorate and sulfur or antimony sulfide and 
charcoal. Some manufacturers even used nitroglye- 
rine, dynamite, or other true high explosives in 
theis formulations. So even though often compara. 
ble in size to the older Chinese cannon crackers, 
the American cannon crackers generally had much, 
‘more explosive power than a Chinese firecracker, 
although lest power than a flash salute of similar 
size. Most often, these cannon crackers were fused 
(out one end with a pice of blasting fuse and sealed 
‘with a plug made of paper, clay, or cork an the other 
fend, As the newer metal-based flash and sound 
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‘compositions became popular during the 1920s, cannon crackers 
declined in populacty. 


MAKING CANNON CRACKERS 


‘The cannon cracker requires » racher large tube. Many prefer. 
200d, heavy, spiral wound tube for this application, since the paral- 
lel-wound cubes tend to fragment when exploding. A bright red 
‘tube lends the old-fahioned cannon cracker look. For fase, lengths 


‘unable ro tell when a fae was lit was one ofthe major problems with 
these firecrackers even in days of old. Use of more modem visco 


(pose a greater area of power core. 
He finishes the fuses by coating the ends with nierocellulose/black 
[powder prime 10 eate inition and seal the powder core in the fuses. 
He mourns the fuses in the second end plugs by punching a hole in 
the plugs with a paper or leather punch and then glues the fies i 
place with hide glue. When the end plugs are dry. the pyrotechnist 
fits the tubes uprigh« in a fig thae holds them in place for filing and 
faxing. This jig i simply a board with holes drilled into the top sur- 
face with a dill pres. These holes are just barely larger than the 


‘Then he mixes the cracker composition. Since cannon cracker 
‘compositions are chlorate-based mixtures, special care must be 
taken in both mixing and loading the powders. The wise pyrotech- 


44 


‘The American Cannon Cracker 


nist remembers that chlorate-based compositions are invariably 
‘mote sensitive to friction, shock, and other stimuli than are nirate- 
‘or perchlorate-based mixtures. The wise pyro never sieves chloace- 
‘based mixtures. He mixes them by hand om a shect of acid-free paper 
‘or wes a nacural bristle artist's paint brush asa stiing tool. The best 
kkind of bout for this purpose is soft Japanese artists brush that is 
‘made from bamboo and long, fine horse hair with no metal ferule 
‘that would be likely to produce a spark. Probably a safer method is 
+o mix these compositions wet and then granulate through a coarse 
seve while sill damp. The tubes can then be loaded when the com- 
position is dey or early dry. 


Cannon Cracker Compositions 
‘Some formulae ate as follows: {percentages by mass) 
(eae eer oe 


Potassium chlorate 57% 
(KCI) 


57% 50% 


Potassium perchlorate on 
IkCIO,] 


Antimony sulfide 29% 20% 29% 


4% 20% 25% 
Sule 20% 
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‘Next, the pyrotechnist uses a powder scoop to fill the rubes one- 
third to one-half full of cannon cracker composition. This proces 
Fequires great cae, since most of the cannon cracker compenitions 
fare very sensitive to heat, impact, and friction. These compositions 
‘demand gentle treatment! Finally, he glues in the top phag-and-fose 
assemblies with hide glue, gently sliding them into place: The gloc 
is allowed wo dry, and the old-fashioned cannon cracker are ready 
topo! 


American Cannon, 
(Cracker Diagram 


perereny 


‘The American Cannon Crocker 
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Hitt’s Flashcracka 


Decades before the M-80 wat dreamed up by 
‘the US. military, an American fireworks manufac: 
turer named Hitt invented a nifty firecracker he 
called the "Flshcracka." The name Flashcracka 
was a trademark adopted because the term flash 
cracker had already passed inro common usage and 
was not considered eligible for trademack status. 
‘This was one of the early ash salutes; some say the 
‘earliest, but this i probably not 20. A man named 
Karl Getingsheim, a German, desribed the wes of 
‘photoflash mixes in fireworks in 1913, We do know 
‘hac Thoatas Hitt applied for U.S. patent on such 
1 firecracker on August 2, 1917, and was granted 
patent rumber 1,253,596 on January 15, 1918, 

‘Hitt's Flashcracka was essentially a small paper 
bag full of flash with a fase running out ofthe top, 
tied with cord, and placed inside a larger paper tube 
long enough to have open air space at both ends of 
the tube. Hitr's Flasherackas were fused with paper 
‘nes a are the Chinese firecrackers, although Hitt's 
‘were often doubled of looped to avoid fuse failure. 
Hitt Fireworks advertised its firecrackers a8 "The 
cracker with the fool-proof fue,” 8 statement per- 
hhaps 2 bi t00 optimistic. However, in the days 
before product liability became an overwhelming 
concern among American manufacturers (recall 
the days when there were American manufacturers 
(of consumer fireworks), companies were not called 
to account for nich exaggerations. 
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‘The moder pyrotechnist can make a similar cracker that func- 
tons in the same way. There are certain advantages of fasherackers 
‘over ordinary firecrackers or salutes. First, chey require no end plage. 
‘Therefore, the maker can we any old cast-off paper tubes to make 
them and doesn't nced to have exactly matched end caps or mest 
around with silicate adhesives or hoe-mele glue. Also, lashcrackers 
area great way to recycle old kraft paper shopping or lunch bags and 
‘oak bits of string. Finally, ie has been observed that fasherackers 
hhave an unusually sharp report 

Requisite for making the flasheracker are some paper tubes of 
appropriate size. About X inch inside diameter and 4 inches in 
length is good, but any size from about Ke inch up to 1 inch inside 
diameter and from 2 inches up to 8 or more inches long will do. The 
test proportion of outside diameter to length seems to be about 1:5 
‘Also needed is a dowel about % inch smaller in diameter than the 
inside diameter of the tubes and some lightweight kraft paper stripe 
‘equal in width 0 the length of dhe tubes and aboue 10 times the 
tube diameter in length. For fuse, the pyrotechnist can we 
‘American-made visco safety fase, cut about one-third longer than 
the tube. A helpful jig to hold the tubes upright while filling can be 
made of a wooden board into which several holes are drilled slight- 
ly larger than outside diameter of the tubes to be filled. 

‘Ondinary 70:30 potassium perchlorate/aluminum flash powder 
can work well ava componition forthe lasheracker. For an ait of his- 
torical authenticity, the traditionally inclined pyrotechnist may 
want to use the following original mixture that Me. Hitt patented 
back in 1918. Hite’ original mixture is heavy on the aluminum 
compared fo most flash mixtures and so produces a very bright lash 
tas well asa good report when the remaining metal powder burns in 
the open air just after the explosion, 


‘t's Posheracka 
‘Hi’s Flash Powder 
(Percentages by mass) 
Porassium perchlorate 9% 
[KCI04} 
‘Aluminum 2% 
tan 
Sulfir o% 
is 


“The pyrotechnist begins by taking a piece of the cut kraft paper 
sand winding it around the end of the dowel, forming an open tube. 
He then ales the poper tube partially off the dowel, abou Linch 
{ora %inch inside diameter cracker. Then he folds the paper so that 
the end of the kraft tube is sealed, with the paper folding aver the 
‘end of the dowel and a little up the opposite side. He then places 
the dowel and sealed tube end into the larger paper tube and sands 
the tube upright. Then he withdraws the dowel, lewving an empty 
paper cylinder protruding about an inch out of the top of the tube, 
‘The artist then places a scoop of flash powder inside the tube and 
follows up with a cut piece of safety fuse. Then he uses » piece of 
scring tote off the top ofthe inside tube with a clove hitch, With 
practice a clove hitch can be tied very quickly with just one free 
hhand. Then he dabe a bit of glue in the inside of the bottom of the 
tube and slides the flash bag down to the middle of the tube, Now 
hae has 2 near facsimile of the old-fashioned Hitt's Flasheracka that's 
sure to be a “Hitt” with the neighbors. 
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‘TL.G. Hitt Flashcracka Diagram 


“The Hitt Fasheracka consist of a paper 
tube containing an inner pape flash bag. 
‘This bag is made ofa thin kraft paper rolled 
{nro a tbe as shown. When partially inser- 
‘ed into the outer tube, the bag is filed wich 
‘Naa mix, a fuse bs acked, and the bag i ted 
shut, The hag is then pushed into the center 
‘ofthe outer tube and glued in place. 


1 Paper body tbe 

2 Opening in top of 
bay ube 

3. Opening in bortom 
of ube 

Flash powder 

Paper fa bag 

‘Coe made in paper 

fr forming closure 

flops of flash bog 

7. Outer wea of paper 
for fa bg 

8. Outer boetom fap 
of paper lash bog 

9 nner pape lp cho- 
sce of flash bog 

10, Neck of flash bag 
tied off with seine 

1. Safety five 

12 Loop of safety fase 
(snes ignition of 
two faes foe 
Aecreased tsk of 
‘ignition failure) 


The Cherry Bomb 


The so-called cherry bomb is another 
20th century salute. The details ofits origin are 
obscure, but patent records show that US, patent 
41,783,999 was granted to Alberto Cimoton of 
Etiton, Maryland, in December 1930, The salute 
Pictured in this patent was originally called the 
Globe Flash Salute and later the cherry salute or 
cherry bomb in the vernacular. These salutes were 
‘more or less spherical in shape, uvually red, and 
fused with a thick green safety fine. They resem- 
‘led a chery in site, shape, and color. Later the 
term “cherry bomb” became bastardized among 
the general public to mean any large firecracker, 
thi ee specific we ofthe term isnot however, 
strictly correct. 

Originally the cherry bomb was made by filling 
‘wo die-stamped paper hemispheres with lash, then 
tumbling the filled case ina “wweetie barel”—9 
tumbler originally designed for making spherical 
ccandies—with alternating layers of adhesive and 
sawdust. After the final layer dried completely, the 
shell was died through and a piece of safety fase 
inserted in place. 

For the contemporary experimenter there are 
at least a couple of ways to proceed practical 
Both use the commercially prepared “cup sets” 


‘would be relatively simple to create a simple die 
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and samp setup that could produce such cup sts in small work- 
shop setting. 

ewdhat fom a table saw can be sfed into grades of diferent 
article sear needed for ths process For both metho some col- 
‘red srwdiat wl be needed forthe final coating This can be made 
by treating 1ome fine srmdunt with red dye or with tempers point 
and allowing this to dry. Drying the sant can bea slow proces, 
taking sever day prior to beginning the vest ofthe peofect. 

‘One method that is no historically authentic bt quite sevice- 
thle nthe “dip and rll For ths the pyrotechnise os ig thet, 
holds the bottom cup ofeach set anvgiy but which leaves fee the 
‘top half-inch oF s0 of the cups. He places the cups in the jig and fills 
ach half fll with lah: He punches the top halves ofthe cup sts 
‘rth Meinch Hoes dough the center. Then he ters a tworinch 
Pece of green safety fase and ghss the fase in place with the round. 
fl side f the cup upright On the work table, pushing the ae 
through tothe table surface. This postions the fine ideally tn the 
fined firecracker Next, the pyotechnist pains the exposed oxt- 
ide rims of the inner cups in the jig with white glue. Then he care- 
fly lips the top cup over the bottom one and allows the gue vo et 
for» few minutes bere removing the salutes fim the fig He 
‘remeves the cup sets an allow them to dry thoroughly before pro: 
‘ceeding to the next step. If the glue doesn’t dry well, the cups can 
‘ome apart in the next sage of the proces. When the frst glue hat 
“tied thoroughly, he dips the cups in Elmer once more ond then 
immediately rolls the glue-covered cracker in sawdust. A course (20- 
30 mesh) snwchat ts bet forthe fre “ofL” Now the cherries are 
“vied in the sun or ina warm, dry place overnight. The following 
doy he die the cherries ance more kn ghie aad rolls them in inet 
sawdust, nich asa 40°50 mesh powder. The nextday he repeats the 
[process but uses a sawdust that has been dyed red for the purpose and 
allows this to dey thoroughly. 

"An alternate and more historically authentic method co fil 
the cup sets with flash and glue as above but leave the top half 
ttcilled. The pyrotechnie then cous the wpheres when dey wich 
fhe gloe, wach ts Franklin’ Hide Glue or LePage’ Glu. Excese 
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luc is drained off through a strainer. When the glued surface of the 
cups becomes quite racy, the artist rolls them in 20-30 mesh saw- 
dust and allows the devices to dry thoroughly. Then he coats the 
salutes with sodium silicate solution (sold as “water gla” of “eg, 
‘preserver”), allows them to drain, and rolls them in the finer saw: 
‘dust. The salutes are allowed to dry thoroughly. Then the pyrotech- 
‘lst repeats the silicate coating and rll inthe red-dyed sawdust. He 
allows this to dry thoroughly until che cherries are quite hard. This 
may take several days, depending on the humidity, whether the 
devices ace dried in the sun or shade, and s0 forth. In the old days, 
sch salutes were often dried with steam-heated forced nit. Some 
moder pyrotechnic hobbyists have used commercially available 
‘vegetable dehydrator for drying various fireworks with good results 

“The most dangerous part of the operation i diling the cherry 
salutes for fasing. This is one stage of the operation when leather 
tsloves and good eye and ear protection are mts. When the cher 
ries are dry, the pyrotechnist uses an electrically yrounded dil pews 
‘or even a simple hand dail (X-Acto makes a good one) with a sharp, 
‘waxed drill bit to drill carefully, only just into the hollow inner eav- 

eis handy t eithe layin a lange supply of fesh dil bts or have 
a bic sharpener available for we. He sets the drill press ms not 0 
dail taro the opposite side of the cheery bomb, since this would ere: 
ate a greater friction hazard. If he is wing « hand dell, drill sop, 
«can be wed forthe purpose. Then he inserts» Z-inch piece of green 
safety fuse into the hole and glues ie in place. A small dab of hie 
luc will cement the fuse in place. These finished salutes should be 
died quickly, lest the water content of the glue damage the fuses. 
‘The wise pyrotechnist removes finished salutes from the drilling 
area immediately after drilling to minimize risks of accidental explo- 
sons during this proces 

The pyrotechinist can wie either an ordinary lash composition 
for the explosive charge or use the following mix, which ia flash 
‘composition used by the Kent Fireworks Co, in its cherry bombs 
during the 1960s. 
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Kent Cherry Bomb Composition 
(percentages by mass) 

Potassium perchlorace 50% 

Kkcio 

Sulfur 75% 

‘s} 

‘Antimony tisulfide 115% 

[SbSy} 

German black aluminus 25% 

tal 

Manganese dioxide 105% 

IMn0,) 
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Ash Cans 


‘Ash cans, bull dogs, hammer-heads, silver 
salutes, silver tube salutes, side-fuse tube salutes— 
the names changed from one decade to another and 
from one maker to another, but the construction 
snd function remain basically the same. These were 
‘American-made firecrackers made from small eylin- 
ical tubes, filled with flash, plugged at both ends 
with either paper plugs or some sort of adhesive 
‘cement, and fused, usually out the side ofthe tube, 
with a heavy safety fuse. There were many vata 
tions, bur the ones I recall best were made in the 
late 1960s by Miller Fireworks of Holland, Ohio, 
and by United Fireworks of Loveland, Oho, These 
particular items were 1 inch long, i inch inside 
dliameter, made from a silver colored spiral wound, 
tube. Around the outside of the tube war printed 
the ominous legend “00 NOT HOLD IN HAND? in 
small capital letters printed in a continous spiral so 
that each tube was covered with protably a doven, 
‘or wo complete and partial wamings. The ends of 
the tubes were plugged with plued-in paper end: 
‘caps. The fises were of excellent quality and were 
sctin the tubes with a small dab of glue so that the 
salutes never leaked powder. Careful disection of 
five specimen revealed that i wa filled about half 
full with a dark-colored flash power. Year later, 
‘examination under the microscope revealed a fash 
powder composed of potasium perchlorate and 
dark aluminum. 
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‘A few years later I came across some bootleg ash cans that were 
rather poorly made, The salutes were the same sae, but al the silver 
tibet lacked the tradicional "DO NOT HOLD IN HAND" warning. The 
tends of the tuber were plugged with silicate cement, which was 


‘nly by imagination. 

"The bac concept ix very simple. The pyrorechnist simply takes 
‘hi tube, ply one end with a paper cap of appropriate size, and 
‘ues thot in place with white glue. Next, with an awl he drills or 
punches a hole forthe fise in the center of the tube. A dail pres 
ith an appropriately aed deil bit will give = more consistently 
Sized fae oe than an awl, a a rle, Remember, she wise pyro deills 
tnd fuses these salutes before loading with composition. Then he 
places # | Kinch length of visco safery fuse chrough the hole and 
flucs it in place. The best Kinds of glve for this are probably low 
emperature hot melt (provided one is working outdoors and way 
from other flammable materials) or a small dab of hide glue. The 
protechnist wants to avoid the chance of moisture from a water- 
[Bled glue affecting the powder train inside of the fuse. Good visco 
safety fae is water-resistant, but not always truly waterproot. He 
places the tubes, open end up, ina jg, and fills them half fll of 
Flach, He glues another eap in the open end of the tube. He allows 
the glue to dey, and .- 38 old fashioned ash ean is ready to go 


Ash Can Diagram 


Asn cons 
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The M80 


For some reason, MBOs have ended up at the 
‘bad boys of the firecracker world, They are cer- 
tainly no larger than many of the old firecrackers, 
bur they have received a disproportionate amount 
‘of bad press over the years. Originally, the M80 
was a military training device designed to simulate 
‘small arms fire in basic training. The “M80” desig- 
‘nation was a military product identification code 
fnumber. The US. government contracted with 
several fireworks makers to produce these hefty 
salutes. Military issue M8Qs are made from a pain, 
‘brown kraft paper tube 1 inch long, and Yrinch, 
sna diameter, fitted with a aif, green vico Fuse 
tnd packaged in boxes of 50. Each bax is hermet- 
teally sealed i foil-backed cloth packaging. Each 
salute bears the words "MBO Firecracker” and the 
date of manufacture "4-64." Careful dissection 
reveals that each recracker is double plugged at 
‘each end with a paper disk and an end cap. The 
MB0s ave filled completely, with no air space, 
‘using 2 dark flash mixture, This differs from most 
fash salutes, which function opeimally with some 
air space and loose powder. Pethaps this was done 
because of some government specification that 
‘had lite to do with performance, or perhaps they 
Jknew something 1 don't. From a standpoint of 
design, these are odd firecrackers. 

“After World War Il the MEO was marketed as 2 
fireworks item for civilian we. The first ones on the 
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market were war surplus, the genuine articles! When some of the 
fireworks dealer saw how well they were received by the public, they 
‘began making civilian copies. These copies were sold by the millions 
in the 1950s and 19606. The ual civilian MBO had a redtube ofthe 
‘original dimensions, bearing the words "MBO FRECRACKER DO NOT 
HOLD IV HAND" printed on the outside in bokd letter. 

‘The pyrotechnic hobbyist making an ersatz M&O follows the 
same procedure as described in Chapter 9 for ash cans, except he 
wes the larger Ke-inch inside diameter tubes and corresponding 
plugs. One can use either ordinary fash, of one of the following 
three formulae for MBO powder? reputed to be government-spect- 
fied compositions: 


MB0 Power 
(percentages by mam) 
ieee 

Foun perchlorate Ch 

KCI, ‘ 

Alumina 2% 1m Ite 

tall 

Sule 10% ase 

s 

‘Antimony aie 

issy1 35% 17% ase 

oa 
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MBO Diagram 
(from the original U.S. Military drawings) 


‘The original M-60 firecracker wa a device designed and produced 
forthe U.S. military. This sauce was used in training maneuvers a8 
a rifle fire simulator. The design shown here is derived from origi- 
tal specifications. This particular version ures an end disk that ls 
crimped in place over an inner tube liner. However, the specimens 
the author has seen use only a single, heavy-salled cube with end 
disks cemented and held in place with a paper end plug rather 
than with crimping. The civilian versions of the MBO, s0 popular 
in the 19606, uted only a paper end plug or even a simple 
‘machine-made cement play 
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The Globe Torpedo 


‘Torpedoes, that is impactactuated firecrack- 
‘rs have been popular since at lease the early 19th 
ccentury. Globe torpedoes were popular in the 
United States during the early- to mid-20th centu- 
1 Over the years they have been available in many 
varieties inthe United States and elsewhere. Some 
‘of these varieties have included the globe torpedo, 
the silver (Fulminate) torpedo, the cracker ball, and 
the Japanese torpedo. There has been some conf 
sion about the term silver torpedo, since some of 
the globe torpedoes were silver colored and hence 
‘often popularly called slver torpedoes. The term 
silver tompedo, however, i propetly reserved for tor- 
ppedoes made from silver fulminate, which actually 
ted slver ip the manufacturing process! All tor- 
pedo fireworks use some impactsensiive mixture, 
‘most often a fulminate alt or a chlorate/fvel mix: 
ture, to produce a report when thrown or struck. 
(Originally a trademark name, the term "globe 
torpedo” was later used by many manufacturers to 
escribe several distinct but similar devices. The 
‘origins of this device are obscure. The frst torpe- 
does were made with silver fulminate, followed by 
those made with potassium chlorate and red phos: 
pPhorubased explosives. (Called "Armstrong mix- 
ture,” the latter isan extremely hazardous and sen- 
sitive mixture that has caused many, many deaths 
and injuries in the fireworks indus.) In. the 
‘United States, the manufacture of torpedoes of the 
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fulminate type was originally « cottage indery dominated by 
German and German-Arericn immigrant fies. 

Joseph Dekker (alo cited wing the names Jone” and “Decker” 
in various literature) patented a device similar tothe globe torpedo 
‘with an agglomerated finish in 1925.? Dekker’s torpedo was peoba- 
iy the model for ll thesiular torpedoes that became popular ar- 
ing the following decades These globe torpedoes were made from 
Interlocking cup stor simular popes pockapes, much like the Globe 
Flash Salute, or cherry bomb. The manufacturers would fl the cup 
‘ets with grovel and explosive mixture and then glue the cups 
together, They finished the torpedoes by tumbling with an adhesive 
tnd either ahs circular paper punchings. The proces 
described in Davis's Chemistry of Powder and Explosives? and in 
tate enay by John Drewes, “Cherry Bombs & Siver Torpedoes 
“The exact formulae ofthe powders ved in the torpedoes were gen- 
crally closely held trade secret. The compositions lated below 
‘come fom anonymous sources within the fireworks industry. These 
torpedo mintures are lew dangerous than the ober Armstrong’ mix- 
ture Sul, these miatores ae necemarily quite seritive 10 shock 
tnd friction and mus be handled with extreme caution in the small 
cst practical quanes 

"The explosive powder used inthe oi globe torpedoes, 20 pops: 
lar before thelr mid60s ban, was imually a mistre of potas 
chlorate [KCIO,} and antimony sulfide [Sb,S3). Sometimes the 
Imisture was serait with sulfur, manganese oxide, feric oxide 
(red Iron oxide) or even red phosphors. However, the wise 

‘ercly voile mixtures containing phosphors. Some 
Torpedo formulae for torpedo powder follow 


Tne Globe Torpedo 
Torpedo Powder 


(percentages by mass) 


1 2 3 


Poraium chlorate 
KGS) 

5% 495% 
‘Antimony rise vototig? 
(Sb,55)330 mesh 

50% 95% 
‘Alurinom, German im 
(AM -400 mosh fake 
Manganese donde Lome 
IMoOal bat 
“Tieaniam (optional) HoH 
TH} 40-60 mesh rate 


All ofthese miatres ae ser sete to tion aa impact 
‘They shouldbe ested scoring, A wise pyecchnst mine onl 
sn all uanitie and store no uned componton, The psec. 
nist should mix batches om sheets of sid ee paper sing ms 
lean, setts pain med si the mixture He covers th 
‘metal ferrule of the paintrinh with mauking tape fr ade sey 
‘Ar sply stores tock a kind of Jpenese tt bs tht i made of 
terboo and fine animal hat. thar mo meal por ata hs Ki 
bah neatly eal forthe purpose ry-motingsenatve mi 
tures Washing the brish with rel soap (nat detergent) before te 
vil reduce the atic hazard which cor be bean, 

Globe torpedoes can te made on ssl sale with a variation of 
the chery tomb manuacrng method. The smc cup oa aed 
‘The art begins wth placing the boom cue the sume Lindo i 
to hold them wright Then be tse an onary power rong 
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sc00p to place I ce of unpolished quartz aquarium gravel, about 10-15 
‘mesh in size, in the bottom ofthe cup. Over this he places about 7 ce 
of the toxpedo mix (or the components thereof). Then he paints the 
‘uta rim ofthe bottom cup with glue and slips the cunide exp over 
the edge of the bottom (inske) cup, jus at in cherry bomb raking. 
‘After allowing the glue to dry thoroughly, he coats the torpedoes with 
bide glue. When this becomes quite tacky the torpedoes are gently 
rolled in a coarse (15-20 mesh) sawdust and set aside to dry thorough 
y. The nest step is to beely soak the ‘with a thick sodium 
silicate solution and rll them in a finer (20-30 mesh) sawchst. The 
Pyrotechnist allows this to dry thoroughly and then coats once more 
with silicate solution. He then rolls the coated torpedoes ina mitre 
‘of fine (-30 mesh) savehst and bright (Le. fine lake -325 reah) ali- 
‘minum powder. Then he allows these to dry well. Wa smookh finish is 
desired, he can tumble the tompedoes in a swdust/alumium mix with 
‘tome large chunks of parafin wax added. Globe torpedoes are ileal foe 
slingshoc use but deserve ext care in packaging, transportation, and 
we, Precautions for ine shoul! include gloves and eye protetion— 
both for the penton fring and spectaton. Globe torpedoes always 
throw chunks of gravel and casing when they explode so the pyrotech- 
fist should be aware of the hazards. The best type of fackaging is 9 
‘sturdy cardboard box with coarse sawchat (nich at 4-10 mesh) packing. 

‘Another option to reduce the hazard of the experiment isto put 
the fuel und oxidizer components into the devices separaely and 
then tumble the torpedoes in a barrel of sawehst to complete the 
mixing, This method avoids many hazards of working with the dry, 
mixed composition. A wet mixing method analogous to the method 
‘ued to produce the Japanese cracker balls can also be adapted t pro- 
duce globe tompedoes (see Chapter 12). This wet method is» sfer 
‘way to make the globe torpedo than the methods using dry chemi- 
cals or dry composition. However, there i trade-off in terms ofthe 
time required to complete this procese—thie method takes substan- 
tially longer. In the wet method the required gravel is thoroughly 
wetted with disilld water, and then the dry, sifted chemicals are 
added tothe gravel one at atime until the gravel is conted with a wet 
slurry of compesition. A good ratio of gravel to composition ie 7:1 by 
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weight. A ratio higher in gravel will yild a less powerful version of 
the torpedo, Only the straight chlorate/antimony sulfide should be 
‘wed, aluminum powder being strictly avoided in the wet mixing 
because of an increased likelihood of spontaneous combustion and 
subsequent explosion while drying. As with cracker balls, the bottom 
‘cups are filled well over the rims with the wet grivel/composition 
‘mixture, and then the tp cups are glued on snugly. 

These torpedoes should be wrapped in adhesive coated paper 
(pase wrapped) or in gummed paper tape, since the traditional 
‘agglomerated finish would interfere wth the drying process by seal: 
tng in the moisture of the wet composition. Under klenl conditions 
(irece sunlight and low humidity), these torpedoes will be dry with- 
in a day or two. Otherwise drying will rake longer, ever up t0 afew 
weeks. When the torpedoes are completely dry, they don’t seem t0 
function up to expectations its posible to add from 25 percent to 
‘50 percent of finely powdered manganese dioxide tothe next batch, 
of mixture to speed up the reaction and lower the activation enet- 
iy Also, if the torpedoes seem too insensitive and 
‘except under great impact, chey can be tumbled remotely, afew at 3 
time, in a rock tumbler half filed with sawdust t0 increase the 
degree of admixture of the components. The wise pyrotechnist 1 
aware, though, that the chances of unintended explosion during this 
tumbling ae rather high. Therefore, ik is minimised by tumbling 
only a few devices at a time in a remote location where such an 
‘explosion would cause minimal damage 


ENDNOTES 
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Globe Torpedo Diagram 


The Cracker Ball 


Back in the 1960s, the Japanese “cracker ball” 
‘or “ball type cap" was a popular torpedo firework in 
‘he United States. The ones I used to buy ara child 
were about X inch in dlameter or slightly more. 
These cracker balls were made of Japanese tate 
paper ewisted and rolled in several layers around 9 
‘small core of gravel and an arene daulfide/potasi- 
we chlorate composition—what the Japanese call 
“red explosive composition.” Actually, the color of 
the composition is yellowish orange. The outside 
layers were colored with ink in bright colors: yellow, 
red, green, and purple. The finished cracker balls 
resembled Trix breakfast cereal—so much s0 that 
some kids ate some of the cracker balls and came 
down with anenic poisoning. Hence the demise of 
the “cracker ball” in che United Seates. My frends 
and I wed to shoot these great litle torpedoes from 
slingshots againat the brick wall of our school, 
Shooting cracker balls was all great fur, and wlto- 
‘peter a fabulous, harmless way of venting out pent 
up frtrations and hostilities wichourt hurting any- 
‘one or destroying anything 

Although the cracker balls no anger available 
{in this country, it is still posible 9 create some- 
thing similar sing the same formulation atin the 
‘original ones. Grown-up sized cracker balle can be 
created with ordinary cherry bomb cup sets 
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(Cracker Ball Composition 
(pares by mass) 

Pocasium chlorate z 

KclOs) 

‘Arsenic disulfide u 

tanSql 

Water omer 

11,01 


‘aquarium gravel is wed as for the globe torpedoes, but 
‘Toned For aorimacy eo done “cache tll the hobby 


oops 
a See ria ade 
‘composition and gravel mixture with a powder loading scoop. The 


" 


‘The Cracker Bott 


gavel should be heaped slightly above the edge of the bottom cup. 
‘Then he applies a line of glue around the outside ofthe bottom cup. 


ENDNOTES 


1. To Simin, PAD. Prewerks: The Ar, See and Tact (Avan, 
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(Cracker Ball Diagram 


(One of the earliest known forms of firework was 
known ie ancient China asa mad rat” This was a 
small, rocketlike device that scuttled along the 
‘round in an unpredictable zig-zag path. The mod- 
fem whistling chaser and its relativer—have been 
perennially popular for close to a century. In form, 
the whistling chaser is a long convolute-wound 
tube filled witha pressed column of whistling com- 
pound topped off with an exploaive charge and 
Peper cap or cork in the end 

“The original whistling chasers were made wit 
extremely sensitive pier acid salts that emitted 
‘hill whistles accompanied by a tell-tale cloud of | 
dense, black smoke. This shriek would be followed 
by an earsplitting fash report, Later versions have 
wwe other compositions. For a time, a composi- 
don of gallic acid and potassium chlorate was 
prevalent. Then benzoate- o¢ salicylate-based 
compositions using potassium perchlorate as an 
coxidier became popular. Each step in this evolu- 
onary process produced a mixture safer than the 
previous mixtures to load, store, and use. In recent 
years the Chinese have developed potassium per- 
chlorate whistle compositions that use potassium 
cid phthalate asa fuel. All ofthese kinds of whis: 
tle compositions have found use in various 
‘whistling and exploding fireworks, 

Each of these kinds of whistling compositions 
bas ie advantages and disadvantages. There seems 
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to be a trade-off berween safety and effectiveness with these com- 
‘oritions, as with so many other pyrotechnic mixtures. One of the 
safext—and ory enough, one that is very effective—ie described 
below. The secret to the performance of this composition is the 
petroleum jelly that seals the particles of salicylate from haradity 
fand atthe mame time aids as a lubricant when presting the compo- 
tition into tubes. 

‘While any composition that whistles is both powesfl and sen- 
sitive, the following mixture is les sensitive than most others 
Potassium benzoate may be substituted for the sodkim salicylate 
without any problem. One shortcoming of sodium salicylate-based 
‘whistle compositions is tha they tend to’be hygroscopic and fail 
whistle when damp. Ifthe pyrotechnis sears the following process 
with dey salicylate, this composition overcomes that problem. 

‘The improved whistle composition formula is a follows! 


‘Whistle Componition 
(percentages by mass) 

Potamium perchlorate Fi 

IKCIO4] 200 mesh powder on 

Sodium saicylace 32% 

INaCjH,Os] 200 mesh powder 

Red iron oxide 1% 

[FeO] fine powder 

Petroleum jelly 3% 


‘The method of mixing is critical. The pyrotechnist first mea- 
sures out the quantities of chemicals required. Boch respirator and 
plastic gloves are necessary. He disolves the petroleum jelly in four 
‘mes its weight of toluene; it may help ro mele the petroleum jelly 
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first. OF coune, the heating ofthe pecroleum jelly should be done 
‘away from the highly flammable toluene. He mixes together the 
sodium salicylate and the red iron oxide and sieves through » 20, 
‘mesh screen until evenly blended. Then he adds the petzoleum jelly 
solution to the salicylate mixture and stirs with a wooden stirring 
stick (a wooden paint ster works well) until the mixture is 
homogenous. Finally, he ade the potassium perchlorate while sti- 
ring and stir che entire mixture gently and thoroughly. This mix- 
‘ure is spread out ona stack of newspapers covered with brown kraft 
‘paper to dey overnight. He does this outside or in an outbuilding 
‘where no ane will have to breathe che fumes from the 

toluene. Albo, he watches out for lights and electrical sparks that 
‘could ignite toluene vapors, which are extremely flaumable. 

“The next day, he gently sieves the mixture twice through 9 40 
‘mesh mixing steve. Then he places the mixture in a paper bag to dey 
further for at least a week. Any solvent remaining in the mixture 
needs t0 evaporate before the tixture is presed into whistles, oF 


‘chee the column of ‘can crack as it dries raking mal- 
function (explosion) ofthe whistle. 
“The wise pyrorechnist handles this mbsture with care. Ii both 


friction and shock serutive, 40 i¢ should never be rammed with a 
smaller, but only premed by hand or witha pres 


MAKING CHASERS 


For good quality chaser, the pyrotechnist uses some special 
tubes and tools. Fin, he wes a tube cher Me inch of & inch inside 
diameter, made of high quality convolute-wound kraft paper. A set 
‘of special rammers is required that fits che inside of the tube soul. 
‘These are made from polished brass or aluminum rod. One of the 
‘ods is cutoff lat and polished smooth. The other i ground an the 
fend into a cone or modified truncated cone shape. A nipple is 
_equited to support the tube during filling and alo to produce a ca¥- 
‘ny atthe font end ofthe tube to hold the report compound. A ram- 
‘ming nipple can be made from a block of wood and a dowel of a 
diameter to match the inside diameter ofthe whistle tube. A shal- 
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tow hole can be drilled into the wood block with adil press ane 
then the dowel cam be glucd into the ole. For the Xeinch irae 
diameter by 4 X inches long whistle tubes, a nipple 1 inch long is 
adequate to leave room for a repost of about 5 grains—quite loud 
‘enough to alienate the neighbors. 

Fis, the pyrotechnic laces a tube on the nipple and wes a pow: 
der 100 t0 meanure Let of while companion powder tno dhe 
tube, Then be aes the flat end rar art pus a the tbe ad 
‘esting on top of the composition. Then he places the whole arange- 
tment unde the arbor gre an apples premure wo the rami with 
the pr. Une the tubes are rp quali he needs 0 be very careful 
{order not a bune the eabe with the prem ofthe pres, which an 
cccut without uch efor: He repens this procedure once mare wth, 
the fla end ramet and fnshes by repeating the proces with the 
onal end ammer The conical eed of thls mcr leaves 2 eter 
furfce area to bum dhan a Mac rammer and ives the white extra 
‘haa and therefore a beter “chase” Hao makes the whe ood 
He then removes the whistle rm the nipple 

Next the report is aed. This can be dane by simply aig» 
‘lin fiecracker into the end hat wat on the nippe- Ox t et fan 
and louder, the att can place» ed paper dak the end ofthe 
tube that was on the nipple, glued right next to the end of the whistle 
ompostion. Then the remaining cavity i filed woth fill of 
flash and finished with a paper disk or plug glued on the end and cov- 
ered with adhesive backed tape (e.g., kraft paper package sealing tape). 

Finally, the pyrotechnist adds a piece of safety fuse, bent over on 
the end and placed next tothe conical eavity ofthe whistle grin 
"This secured with a wad of tue paper inthe tbe, and then 
ready to scream its heart ov and tery the lea ete nr. 


ENDNOTES: 


1, Bay Vejen "Sctaming Reckes” Bula of Pye 
namin 9 (Indionapet IN Precis Gul erin, 150) 6. 


The Knallkorper 


‘The Germans make an interesting variety of 
firecracker own at a Knallorper or thunder- 
cracker. In design, ¢ & somewhat similar to the 
Beitsh thunder ash, excepe that the timing fixe 
resembles the Italian spolete fuse used for timing 
traditional aerial display shell. The Knallhorper 
made from a convolute-wound paper tube about 3 
{Inches long inch inside diameter and lightly les 
than Minch outside diameter. One end of the tube 
‘a covered with n march head designed tbe struck 
‘on a matchbook striker t9 ignite the device, If the 
tube i cut open, the observer ean se that beneath 
the match head isa hard, pressed column of back 
time delay compenition. ‘The rear of the column 
shows a cone shaped cavity that allows the time 
fine to also act at a casing choke when the five 
thurs through othe explonive charge. Past the 
time delay fuse column the tube contains about i 
gam of potent German black aluminum-based 
flash composition. This is held in place on the 
‘opposite end ofthe tube by a small paper plagued 
in place. The cracker i intended to be truck on @ 
‘matchbook and thrown immediately. The time 
<elay i usualy about five to eight seconds before 
the cracker explodes with a loud report. 

‘The pyrotechnist uses many of the same tools 
hae uses to make the whistling chasers to make the 
Krallkorper, as well as the same tubes—a good 
choice is the Meinch inside diameter tube and 
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matching rammer with the conical end. The tube must have 2 
strong wall. The time delay composition the Germans ws is called 
‘Gtasare, which translates to English as “plow fuse.” The composition 
below was supplied by an anonymous German friend and is supposed 
to have come from one of the major German manufacturers. The 
Pyrotechnist uses extra caution in handling this mixture because the 
barium nicrate makes ic quite toxie—ingestion of less than a gram 
smighe be lethal. 


Claes 
(percentages by mas) 

TNO) fine powder 155% 

Charcoal AF 10% 

Sule 10% 

Meal powder am! 

‘Aero or Cab-O-SiL 1% 

Med ello 03% 


‘The Glisats is mixed in the following manner: First the 
yrotechnist disolves the methyl cellulose in an additional 6 pex- 
‘cent of distilled water. Then he adds the finely powdered barium 
nitrate, stirring well. Next he adds the charcoal, stering well, then 
the sulfur, all the while siring. I stir this mixture until homoge- 
‘nous, allow it to sit for an hour or so uncovered, then ack the meal 
powder and sti. This mixture is screened twice chrough 2 20 mesh 
seve and allowed co dry partially. When dry tothe touch, i can be 
‘immed into the tubes. 
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‘The Knotkorper 


‘The arise places the tube upright on a firm, smooth surface; a 
chunk of polished granite grave stone works well. He pours in an 
increment of time delay mix; Ke of 1 ce i about right. Then he 
places the conical end rammer inside the tube. With a mediumsised 
‘rawhide mallet, he strikes several frm blows to consolidate the time 
delay fase. The process s similar to that wsed for ramming spolette 
time fuses for serial display shells. 

Next step isto add a match strike composition. The following 
are two simple ones. 


Match Composition 


(percentages by mass) 


geal 
Pocasium chlorate 
KCIOs oom 
‘Antimony sulfide 

SbySy 20% 30% 
Destrine 20% 20% 
Ground glass 12% 


“This composiion is mixed wee with enough water to form a 
thick paste, similar in viscosity to oatmeal. Ie needs to be very sticky 
‘but not runny. The pyrotechnist applies it to the external end of the 
‘time fase with a small paintbruch, Not much is required. Then he 
se this aside to dry in the shade. Some like to add a proxective nos 
ing of tisue paper around the striker to prevent accidental ition 
and posibly accidental ignition of the finished cracker. At this 
point che artist can either fill the cracker or set the nearly ready 
kknalikorper aide to be filled just prior to use. This may be a good 
precaution because ofthe chlorate-hased ignition system. To ill the 
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cracker, the pyrotechnise uses a small paper funnel made of 2 coni- 
al paper cup to phce about 1 ce of flash inside. He finishes the 
Cracker by plugging the cnd with a glued-in, commercially made 
paper end plug Altematively, paper dak and gummed paper tape 
ould be wed to che mame es. 


ENDNOTES 


1 Hest em Miltary at Chon Pyacins, 1968. 355 


German Keallkorper Firecracker Diagram 


a ne ne ae 
025 nh 
i 
bch ent — noch hn oer 
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The Thunder Flash 


= a 


‘The Beitch were no slouches when it came to 
fireworks making back in the 50s either. The 
‘Waeco factory in Salisbury, now owned by Paine 
‘Wesex, once made some great salutes known as 
“Thunder Flashes. Similar in construction to some 
‘of the German firecrackers, these were made from 

thin-walled puralle-wound paper tube of approx: 
finately inch inside diameter. The tube waa 
plugged at one end with rammed clay and filled 
half fll of flash; the other end was plugged with a 
piece of primed blasting fuse that fit the inside 
diameter of the tube, serving as both an ignition 
device and a tube plug. The fuse end was covered 
with a nosing of nitrate touch paper thac needed 
‘nly to be touched with a match to ignite i and 
the fase underneath. 

“Tor make facsimiles of unis device, the pyrotech- 
‘iat can rol his own tubes ona former made of brass 
tubing from the local hobby supply shop. A former 
slightly less than % inch outside diameter cam be 
‘ed t0 rll several paper tubes thee inches long, as 
described in the chapter on Chinese firecracker, 
‘but with the modification of “wet-lling™ che 
tubes: Wer-rolling produces a tube capable of hold- 
fog a hard, rammed clay plug, The wet-rlling 
proces consists of rolling the tubes with a small 
amount of adhesive applied all slong the paper 
rather than only on the inside and outside layer. 
Either wallpaper paste or white glue will serve this 
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purpose. About five or six tums of heavy kraft paper would be suff 

fent to give a wall thickness thae produces a tube with an outside 
lameter neatly rwice the inside diameter. These tubes ae allowed 
to dry thoroughly until they made a clinking sound when dropped 
fon a hard surface. When the tubes are thoroughly dry, the artist, 
plugs one end of each with clay, ramming the plug i firmly wich a 
dowel and small mallet on a hard tabletop. Next he curs lengths of 
Japanese time fur 1 inches lang and dips each end in a litle black 
‘powder prime. When the fuse priming is quite dry, che pyrotechnist 
fils each tube haf full of fla and inserts a fae into the tube, hi 
Ing it in place with white glue. Next, he prepates nosings of 
Japanese tisue paper. Strips 1 inches wide and 3 inches long are 
‘cut against the grain ofthe puper, soaked ina solution of 10 percent 
‘potassium nitrate, and then dried. These nosing strips are glued in 
place over the fase end ofthe salutes and twisted shut to form a pro 
tective covering forthe fuses. The Japanese time fase burns ier- 
nally and iti difficule to sce whether or not it & buming. These 
thunder flashes ean be some reat little hall-gram salutes. 


The Thunder Rash 
‘Thunder Flash Diagram 
eng the Aah che nil 
oie 
onde oie 
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The Booby Trap 


Booby traps, also known a "pulling reworks," are 
cesentilly cap-ype devices that are actuated by 
palling aring: These are often wed as prctical jes 
Sad are alo weed as components of the ever popular 
party poppers” the staples of New Years Eve celebra- 
tions in the United States In form, they resemble a 
tall firecracker wich astring running out from ane 
broth ends The most common ones are about 2 inches 
Jong nd about inch in diameter. A piece of thin cor. 
ton cord that runs out both ends. The cord can be 
‘pulled by hand, or beter yt, attached 1 a door and its 
Jamb to explode when the door is opened. 

“The pyrotechnic hobbyist can make booby 
twaps that are slightly larger than the commercial 
‘ones and have, mote important, a longer, stronger 
‘cord. A piece of flax twine roughly 2 feet long works 
‘wel for this purpowe. Foe paper, a thick, handmade 
Japanese paper ix best because of its high strength 
‘and neutral pH. The pyrotechnist cuts the paper for 
the case in a strip 2 inches wide and 6 inches long, 
the grain of the paper parallel to the short side. He 
dampens the paper slightly and glues it along the 
further edge. He makes a loop an inch and a half 
long in the center of the string and flarens it lay- 
fing the loop on the nearer short-cur edge of the 
oper strip. Now he makes some composition. The 
‘composition is very tricky stuff, which should be 
sxtempted only by the experienced pyrotechnist 
(Geho probably ought to know better anyhow). 
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This composition must be mized and loaded ina wet state. This is 
‘an abvolute must: Small quantities are recommended—a gram ot 
‘wo wll make plenty of booby traps. Larger quantities present much 
areater risk tothe maker and the wer 


Booby Trap Composition * 
(percentages by mass) 

Porasium chlorace 

Kkcio) 6% 

‘Antimony trisulfide 

{sb,Sy) 29% 

Red phosphorus 

ci) om 

Dexttine 1% 

Calcium carbonate : 

[GxCOs) 1% 


‘The pyrotechnist beyins by measuring the antimony trisulfide, 
the phosphorus, and the dextrine into a small paper cup and adding 
‘enough dieilled water to form a thin paste. Then in another cup he 
ads enough distilled water to the potasium chlorate to form 
somewhat thicker paste. He allows both mixtures to stand for sever- 
al minutes and ensures that both are thoroughly wetted. Then he 
‘mixes them together and stirs with a wooden stir stick until the mix- 
ture is homogenous. When the components are thoroughly mixed, 
the uses a small, laboratorytype spatula to scoop up the wet mixture 
and lead the booby traps. A wooden coffee stirring stick will alzo 
suffice forthe purpose. 

He ameacs a small quantity, approximately gram or les, over 
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The Booby Tap 


the loop in the string. Then he rolls up the paper into a tight eyin- 
‘er with the sting loop and composition ia the center. White gloe 
‘ride glue is applied tothe outside edge ofthe paper, sealing the 
‘Sevice. He ses the device aside to dry in a safe place, away from 
‘ther feeworks aod sway from any Aaminable materials. When iis 
‘ry, he fan 9 great ile Boby trap. Booby traps should be stored 
town fom other pyrotechnic materials because there i always some 
‘ak of spontaneous combustion with potasium chlorate/phosphons 
tnisture, even when buffered. Meticulous clean-up work with these 
Tite devil requited, because this composition, when dy s one 
ofthe most sensitive of any mixture wed in fireworks. This mixture 
fe sennitive to heat, friction, impact, static electricity—some 
Pyrotechnias wea that jst a nidelong lance can explode cap com 
Fostions Numerous accidents and fatalities have been attributed wo 
the preparation and Ge of similar ceenpesitions, known inthe trade 
‘= Armatrong’s mixture ox, more bluntly, “death mix.” 
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Booby Trap Diagram 
ee 
wane 


The Triangle Cracker 


‘The origin of the triangle cracker is obscure. 
“This peculiar variety of firecracker Is populac in 
Mexico, Central America, and on some of the 
Pacific islands. The devices I ave seen vary in size 
fom quite small, with loads of a tenth of a gram or 
Jer of powder, to monsters containing hundreds of 
frame Of lash composition, The examples I have 
seen from Mexico usually range between a quarter 
of a gram and perhaps a gram or two of la, oF 
‘more of weaker mixtures. 

“The firt triangle cracker I ever saw reminded 
sme of the little love notes that my friends and 1 
‘ted to pass around when 1 was back in junior high 
‘school made of ordinary note paper and folded 
{to a triangular shape reminiscent of a folded 
US. fag. 

‘Carefal dissection revealed that the cracker 
‘was, indeed, folded much like those love notes of 
‘dns the folds of paper wat» small quanti of 
‘explosive powder. Sometimes this would be ondi- 
rary flash mixture, ocher times it might be a mealed 
black powder composition or something more exot- 
{ey such ae perchloratefbensoate whistle mix oF & 
rminture of potassium chlorate with some organic 
fuel such as tannic ack Invariably, the flash-illed 
crackers were the loudest, although presumably 
imore expensive than some of the others to make, 
“There wat a fuse, usally crude and homemade, 
(Often a cotton string boiled in potassium chlorate 
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slurry served the purpose; other times a piece of thin black match 
was wed. The crackers were usually pasted over with a single wrap 
of paste-soaked paper, which gave a litte strength ta the container 
and, more importantly, kepe the cracker rom coming apart during 
storage and transportation. 

‘The pyrotechnic hobbyist can make these crackers easily. He 
begins with a square sheer of thin paper, four times as wide asthe 
length ofthe short leg ofthe finished cracker. Newspaper works well 
for the purpose, but a lightweight kraft would probably work even 
better. Simple geometry reveals the ratio of legs to be I:l:V2 or 
bout 5:5:7. A sheet 6 inches square will yield a cracker big enough 
1 hold maybe n gram or 40 of composition. The pyrotechnist can 
‘use ordinary flash mix, but there ts no reason why one could’ use 
something else. Using this ize as an example, he takes a sheet 6 
inches square and folds it in half lengthwise with the grain of the 
‘paper, and in half once more in the same direction. This produces a 
Jong rectangular sheet, | by 6 inches long. He cuts length of visco 
safety fare ewice as long as the wideh ofthe paper, 3 inches in this 
‘case, He then fol the sheet from one end, bringing the boetom lft 
‘corner over to the opponite side, creating a fold (fold #1) that mea- 
sures 45 degrees, and an open edge of paper that ies perpensdiculae 
to the long edge of the poper strip. The artist then folds the paper 
lover the perpendicular edge ((old #2), creating a triangular pocket 
‘of paper, He then folds the triangular pocket over the diagonal edge 
(old #3), and again over the resulting perpendicular edge (Fld #4), 
sealing the triangular pocket. Then he folds the paper over and over 
He unfolds the paper back to the original eriangular pocket. Into 
this pocket he scoops a small amount of powder and then inserts 9 
length of safery fase along one edge. He folds the paper over the 
pocket (fos #3, #4, and #5), sealing it shut. The sixth fold brings 
the late square of the remaining paper over the loaded triangle 
‘Then, he folds the final edge into a trtanele (fold #7), and carefully 
Insert it into the open flap ofthe outer layer of paper on the crack 
cr, sealing the triangle shut. The artist soaks 2 piece of ordinary 
paper in wheat wallpaper paste and then folds it over the triangle. 
‘The device is allowed to dry. Ifa weaker composition, such ae meal 
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The Tangle Cracker 


powder, is used, additional paste wrapping is required. The layer(s) 
‘of pasted paper seals and stiffens the cracker, creating strong and 
serviceable casing. That's all there ist it. The audible effect of the 
triangle cracker is favorably comparable with any tube firecracker oF 
‘salute of comparable sis. 


‘The ceacker is refolded, 
with tab of fold 7 inserted 
Tinto fold, sealing crackes. 

“To finish, eracker is 
‘wrapped with 
pasted paper. 


The Aerial Bomb 


“The aril bomb i firework that works much 
like a military morte. The paper morta tube fies 8 
Tange salute straight up, which then explodes 
midair tthe apex of ts erajectoy. These great fie- 
‘weeks ae Iealian in origin. The Talians are second 
‘nly to the Chinese in thei long experience in and 
tradition of fireworks making—and perhaps fist i 
level of sll stained in. che pyrotechnic a. Att 
smocem serial dnplay shells are derived from Kalin 
‘Seign, probably even including the spherical 
Japanese shell. The serial bomb was a pope fie- 
‘orks item in the erly 20th century in the United 
States and remains 0 despite the restrictions on the 
larger ones, which areal now conaiered class "8" 
dlaplay rework. 

“The sci bomb consists of two basic compo- 
rene part: the mortar and the salute shel: 
‘Teaditnally, che mortar + heavy walled paper 
tule mounted with glue into a wooden block. The 
‘roaden block has shallow bole dled in its cen- 
texte circumference of which corresponds clovely 
to the outside diameter of the mortar tube. A fase 
hole i drilled into the bottom of the tube jut 
atone the joint with the wooden base, through 
srhich length of safety fe is inserted. A charge of 
Hack powder provides the "ie" chat propels the 
solute ove ofthe mortar and alo ignites the ming 
Fose of che sale. The sate selfs siempy a sturdy 
container of paper or plastic that holds che charge 
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‘of flash report composition and the timing fase and caries them up 
into the air where the salute explodes with a flash and report 
“There are many variations on the basic design. The easiest way 
‘0 make an aerial bomb is to order the prerolled, precut parts from 2 
supplier and assemble them as intended by the parts manufacture. 
However, given that parts like this may become less available as 
time pases the pyrotechnic hobbyist may want to make his own o¢ 
‘use scrounged o reused/recycled parts that will remain more widely 


sores several sizes of paper tubes can often be found. If ehe artist 
finds two tubes that fir snugly one inside the other, he is several 
‘eps ahead in the game. If not, he can begin with whatever cube he 
thas decide whether he wants to we i asthe salute or the mortar, 
and design the rest ofthe system from there. 

Ler say, for example, the artist has some tubes I inch inside 
diameter with Keinch-thick walls and 4 inches long. That gives © 
tube 1% inch outside diameter. He gets a block of scrap wood 3 
{nches square and X inch thick from the workshop scrap bin. In the 
‘middle of the block he drills a UXinch hole about X inch deep with 
a dell press. He applies a liberal quancicy of white glue inside the 
hole and sets the mortar tube in the hole. Ahernatively, he can pour 
plaster of paris or tle grout in the hole and ser the tube in that 
‘When the mortar arrangement is dry, he bores a Kinch hole into the 
tube just above the baseline and above the glue. He places a length 
cof safety fuse through that hole and the mortar realy to load. 

"Now the pyrorechnist needs a salute to fire fom the moreat If 
hhe makes his own cube rather than using a commercially made 
tube, he starts by selecting a case forming rod that will give a fin- 
lahed tube with Yo-inch-thick walls and a litele oom t0 spare, 20 
hhe selects a rod M inch thick. He uses the wet-tolled tube method 
to produce a tube 2 inches long and just under an inch outside 
diameter from 2-inch-wide, adhesive-backed kraft paper tape. 
‘When the tube has dried thoroughly, he places a round pasteboard 
plug in one end, through which he has drilled or punched two Ye 
finch holes and run two pieces of visco safety fase. He glues the 
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plugin place securely with white glue, or a good quality PVA craft 
‘lve, and swabs some glue around the safety fuses where they join 
the plug. He allows the gle ro dry thoroughly. Then the pyrotech- 
‘ist inverts the talute case and fills two-thirds fll of fla com- 
‘postion. He places another, solid disk over the top and cements 
this firmly in place with glue. For added strength, he can “paste 
the salute by covering the whole thing (except the time fuses) 
with paste-scaked thin kraft paper (such as “lunch-bag” kraft). He 
‘cus the paper in a 13-inch-long strip, 3 inches wide, againet the 
‘gain of the paper. He paints the paper with paste until i i quite 
soaked but scrapes off any excess Then he rolls the salute up in 
the pasted paper, folding the excess paper around the top and bot- 
‘om of the salute ashe goes, sealing and strengthening the top and 
‘bottom disks. The joint between the timing fuse(s) and the sauce 
‘wall should be thoroughly sealed in, with pasted paper or tape cov- 
ering a lice ofthe fuse ugly. 

‘Another approach to making the salte 1 10 we a plastic con- 
taliner as the casing. One container that-can work wells the patie 
Easter eax found in stores before and, better yet, just afer Easter. 
‘The artist dis hole in the bortom half of the egg and inser a 
Jength of good quality visco fuse through that hole. This he glues in 
‘with a good grade of plastic model cement and allows it to dry thor- 
‘oughly. Next he fils the bottom half ofthe epg with flash and then 
sues on the top half. He must be careful not to get any flash into 
the joint between the two halves ofthe egx because of possible igni- 
‘tn of the mixture by fiction. He finishes the salute by covering it 
with dampened gummed paper tape. One length of tape goes around 
the joint between the two eggs t0 seal it. Then several lengths are 
‘wrapped around the egg vertically. Two or three layers of paper tape 
are umully sufficient. The tape should cover the join between the 
te fase and the egg shell, sealing and reinforcing the joint. Other 
plastic containers are sid to work well. One hobbyist recommends 
the plastic containers wed for 35mm photographic film. The wise 
pyrotechnist experiments carefully! 

‘OF course, if commercially made tubes and plugs are available, 
the job is infinitely easier, if nor as much fon. With commercial 
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tubes and plugs, often che pasting-in process can be skipped entice- 
'y ifthe plugs and foses are securely glued in place. The larger the 
‘salute, chough, the more advisable ts vo paste in the device with a 
{few layer of kraft—one layer per inch of salute diameter works well. 

‘When the salute ha dred thoroughly, the pyrotechnist places a 
teaspoon oF so of black posrder “life” into the mouth of the mortar 
and drops the salute in on top ofthat, fused side down. The amount 
ofiftrequired varies with the size ofthe sell and length ofthe mor 
tar. The wise pyro always makes certain that there is no more than 
jut little pace between the salute and the inside of the moxtar 
{0 eat a gop will lessen the compression and cause the device 10 
ascend poorly. Finally, he places thin, -inch-diameter pasteboard 
disk on top of the salute to seal everything in and provide better 
‘compression on firing. 

‘A well-made aerial bomb will certainly impress one's rience anc 
just as certainly iitate the neighbors to no end. However, this 
‘not the lait word on the aerial salute; ti jst « method that has 
‘worked for one experienced pyrotechnist. With this device, ae with 
‘others, he always exercises due caution, expecially when testing new 
tnd unproven designs. A couple of well-placed sandbags around the 
‘base ofthe aerial bomb will help ensure thatthe moras does mot tip 
‘over from recoil when fring: Remember, the wise pyrotechnist 
never pata hi face or any ther body part ove the busine end of 
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Dimensions of the aerial bomb fireworks vary considerably, 
However, the length of the mortar is ually four to five times the 
‘curide diameter ofthe salute shel. 


Glossary 


Brisance—A measure ofthe velocity and strength 
‘of the shock wave produced by an explosive 
fgent; that is, its shaering power. Generally 
“low explosives” auch ax black powder have 
les brisance than “high explosives” such as 
‘TNT. Phoroflash compositions fall somewhere 
fe between these: technically they are at the 
high end of the “low explosive” range, but 
legally in the United States, they are consid 
ered "high explosives.” 


Critical Mase—The mass of » particular compos 
tion that will explode unconfined upon ign 
tion. The critical mass of any composition may 
vary depending on several factors, including 
ambient air presure, degree of homogeneity of 
the componition, and source of ignition. In all 
‘cases the critical mast figure represents an 
spproximation rarher than an exact figute 


(Cross Matching—A method of increasing the rell- 
able of time fuse ignition by puncearing both 
ends of the time five with’ a hollow punch 
through the pomder core and then inserting 
Into the hole a short length of black match fuse 
‘or Thermolite igniter cord. 


Deflgration—A process of rapid burning, which 
‘may or may not be explosive in character. 
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Detonation—An explosive process characterized by a very rapid 
reaction moving through the explosive substance, usually at 
thousands of meters per second Detonation is characteristic of 
tr high explonive where dflagraon is character of 


Electric match—Commonly known in pyrotechnic parlance as 
squibs, electric matches are devices used to ignite fuses oF 
pyrotechnic matures by means of an electrical current 


Fuel—A pyrotechnic fuel isa chemical or substance that performs 
the reduction phase of a pyrotechnic chemical reaction. Usually 
such a reaction i characterized by binding with oxygen, liberat- 
lng heat and light in the process. Typical examples of pyotech- 
‘le fuels are alumi, charcoal, and sodium salicylate 


Grain —The word "yrain” in pyrotechnic parlance can refer to several 
sdimila things or qualities. Fis, the grain of paper refers to the 
direction in which most of the paper fiber lie ina piece of paper. 
‘This can uualy be determined by werting one sie of a sample 
piece und seeing which way the poper curs; ¢ wil usually curl 
‘yainat the grin, o thatthe paper forms » cylinder, the edge of 
‘which runs paclel tothe grain. Second gain ie aterm of anti 
{quated weight measure still wed in some pyrocechinic legialation. 
‘This kind of gain i equivalent to approximately 65 milligrams 
imetrc. Third, the word grin can be used to refer to a prewesl col 
‘umn of pyrotechnic composition, asin a rocket propellant gain. 


Kraft paper—Technically the term kraft refers to neatly all machine 
‘made wood pulp papers. However, in practice the term kraft 
‘paper refers to 2 variety of crude, usually brown paper without 
sising that is used to produce brown paper bags, candbowrd, and 
‘paper package sealing tape. 


Mast—A measurement of the amount of matter in system (e.g. 
‘objector a pile of powder) that is measured at weight on a bal- 
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ance scale. For practical purposes, itis the same as weight, 
However, for a better explanation of the concept, consule a 
basic text on chemistry or physics. 


‘Oxidiser—An oxidizer is a chemical that performs the oxidation 
‘Phase of an oxidation/reduction reaction. In pyrotechny this 
‘usually means that the oxidizer breaks down liberating oxygen, 
‘which feeds the combustion of the fuel component(s) in a com’ 
ponition. Typical pyrotechnic oxidizers include potassium 
‘nitrate, potasium chlorate, and potassium perchlorate. 


Paralle-wound tube—A paper tube that is wound with layers of 
‘paper parallel to each other. Usually such a tube is wound 
‘around a former with the grain of the paper parallel to the 
length of the former, but this not always so The strongest par 
allel-wound tubes are wound with the gain ofthe paper at right 
tnles to the former. Usually parallel-wound tubes are used in 
pyrotechnics only where a tube of greac strength i+ requied, 
sich asin spllerte time fuses and rocket motor tubes, 


Pastebourd—A single ply cardboard such as that commonly wed in 
teakfaut cereal hoses. 


Pyrotechnician—A term often used by the uninitiated to refer toa 
‘pyrotechnist. Often the word “pyrotechnician,” i sneered, with 
the nose elevated, much as someone might use the term, 
“camy.” to refer to the operator ofa traveling camival. 


Pyrotechnist—Informally known at “pyros” among themselves, 
“pyrocechnists” practice the art of pyrotechnics, whether asthe 
makers of fireworks, or merely as those who appreciate the at. 
(Oucsiders often refer to pyrotechnists as "pyrocechnicians.” 


Pyrotechay—A term that is synonymous with the term “pyrotech 
‘nics” but has an older and more distinguished linguistic and cul- 
‘ural heritage. 


‘big Bong Pyrotectinics 


Report—Any audible explosion. 


Salute—In pyrotechnics, “salute” refers ro any large firecracker 
‘or to any aerial shell whose primary function is to produce a 
loud report. 


Spiral-wound tube—A tube made from :wo or more layers of paper 
‘wound spirally around a former by a special tube-making 
machine. Spiral-wound tubes are ually weaker than parallel 
‘wound tubes but cheaper and safer to use for many exploding 
fireworks applications. 


Spollette—A kind of timing fase invented by the Italian pyrotech 
nists consisting of black powder rammed Inco a song paper 
tube and capable of very precise timing for aerial effects. 


Squib—1) A small rocket motor designed to fly both close to 
‘round level or and in an unpredictable direction. 2) a word 
‘rrnonymous with electric match. 3) A word used to designate 
‘any of a clas of small, electrically initiated explosive devices 
such as thove that are uted in the special effects industry. These 
‘cquibs are different than electric matches 


‘Star—A pellet or bal of solidified pyrotechnic compenition whose 
‘mary funtion i to produce colored lame, or sometimes 4 
report (for example, a “dragon's epg"). Sears produce che eoloeed 
lights characeric of mest serial dplay shells in public fire 
works dupa 


‘Timing fuse—A fuse used in an aerial display shell to time the delay 
from when the shell i Fired from the mortar until it ignites over” 
head. At present the popular varieties of timing fie in the 
United States include 1) Japanese time fase, 2) Rozi time fase, 
and 3) handmade “spolette fuses” consisting of meal powder 
rammed very solidly into special, thick-walled convolute- 
wound eubes. 
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‘Torpedo—In fireworks parlance, any kind of firecracker like 
<evie designed to explo on impact ater than by ignition 


“Touch paper—A nitrated paper commonly used in British fireworks 
10 aid ignition of fireworks, ether in conjunction with or in 
place ofa safery fe. 


Visco fuse—Visco safety fase is a type of fuse used in fireworks that 
‘ made mechanically by winding a cover of thread around 3 
black powder core. This core i then coated with one or more 
layers of nitrocellulose lacquer (visco” is a trade name for nto 
‘cellulose lacquer) to protect and seal the powder core. High: 
‘quality visco fase has two or more layers of nitrocellulose lac- 
‘quer coating (“double-conted”) and an evenly distributed pow- 
der train composed of high-quality black powder. Poor quality 
ecoiay have only sng ler facut endfor apr 
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Further Reading 


When one is just starting out in fireworks, 
‘one major problem can be just sorting out the 
(geod literature from the bad. There is plenty of 
both out there, and I've seen and read moat of 
cach that has come out in the English language 
lover the past 20 years. The following isa list of 
publications relating to fireworks recommended 
for accuracy, clarity, and straightforwardness. 
‘Availability may be sporadic, but the fruits of the 
search can be worthwhile. 


ATE-Esplosives Lous and Repuasions. This is a0 
‘official government publication that covers US. 
federal laws relating to manufacture, we, storage, 
snd transfer of explosive materials. It is handy not 
‘only ara guide tothe law, but asa source of infor- 
‘mation about safe storage procedures for high-ener- 
{gy materials. Available from regional ofices of the 
ATF or the following address: 


Bureau of Alcohol, Tobacco, and Firearms 
Department of the Treasury 

PO. Box 189 

‘Washington, 0c. 20044-0189 


American Fireworks News. This is a monthly 
‘newslerer published by a dedicated fireworks pro- 
{essional featuring many interesting and some not- 
so-interesting articles on fireworks. Italo has the 
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best, most current classified advertisements for books, supplies, 
collectibles, and more. Edited by John Drewes, published by Rex 
E & SP. Co. HCET Box 30, Dingman’s Fey PA 18328. ISSN, 
8755:3163, 


Bulletin ofthe Pyrotachnice Call Intemational. This «a quarterly 
bulletin ised to all members of the Pyrotechnics Guild 
International who have paid their annual dues. As of March 1996, 
‘contact Ed Vanasek, PGI Treasurer, 18021 Baseline Ave, Jordan, 
MN 55352, 


Chemis of Pyrotechnics, by John Conkling, PhD. This is 
textbook covering basics of pyrotechnic chemistry. It ts the most 
recent academic text covering the subject of fireworks chemistry. 
‘The price is bit hefty nt $50, but i is a good, basic reference on 
Dbyrorechnic chemistry. Published by Marcel Dekker of New York, 
1985. ISBN 0-8247-7443.4 


Fireworks, edited by John F Bennett. Fireworks is a magazine for 
fireworks aficionados that is published inthe UK tice yearly In the 
United States, Fireworks can be obeained ‘American, 
Fireworks News, Sear Route Box 30, Dingman’ Fery, PA. 18328. ln 
the UK, write to JF Bennett, 68 Ridgewood Gardens, Bexhill-on- 
Sea, E. Susex TN40 ITS, 


Pyro-Fax, edited by Dennis Manochio, J. Pro-Fax isan ireg- 
ular periodical dedicated to fireworks history and focusing largely 
‘on material of interest to collectors offreworks-elated antiques 
and collectibles. Pyro-Fax is a publication of the Fireworks 
‘Americana Museum, PO, Box 2010, Saratoga, CA 95070. 


Pyrotechnica, edited by Robert Cardwell. Pyrotechnica ea spo 
radically published scholarly journal dealing with fireworks chem- 
latry, history, and rechnology. This is a top-notch publication, the 
‘only scholarly journal dealing with civilian pyrotechnics in the 
English language. Single-isve prices now run around $25, and the 
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rice is welll deserved. Available from Robert Cardwell, 2302 
“Tower Drive, Austin, TX 78703. ISSN 0272-6521 


‘The Pyrotechnis's Treasury, by Thomas Kentish, this late 
19th-century book gives excellent descriptions and drawings of 
many kinds of fireworks. However, many formulations given 
should be considered critically, especially colored flame compost~ 
tons using salt of mercury and other toxic materials. Avai 
fat present from American Fireworks News, Star Route Box 30, 
Dingman's Feery, PA 18328, 
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Chemicals and Supplies 


Resources: 


‘American Visco Fue Company 

11984 Telegraph Road 

Carleton, MI 48117 

visco safety fuse manufacturer and distributor 


Firefox Enterprises 
PO. Box 5366 

Pocatello, ID 83202 
chemicals, fuse, supplies, retail 


Impulse Reactions 
PO. Box 61342 

Seattle, WA 98121 

chemicals, supplies, and tooling fr fireworks 


Service Chemical, Ine 
2651 Penn Ave. 
Hatfield, PA 19440 
chemicals, wholesale only 


‘Smith Wholesale Fireworks 
RZ Box 287 

Springfield IL 62707 

chemicals, fase, consumer and display fireworks 


‘Tread Corporation 
PO. Bor 13207 

Roanoke, VA. 24032 

storage magatines suitable for fireworks 
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Westwood Supply Co 
PO, Box 246 

‘Alden, NY. 14004 

chemicals, supplies, and safery fase, retail 
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Internet Resources 


Fireworks enthusiasts with access 0 the 
Internet can find a wealth of good informacion, as 
well asa lot of junk on the Net. Some of the sites 
Iisted below may be of incerest 


USENET NEWS GROUPS 
rec-pyrotechnics 
altengrexplosives 

‘These Usenet News Groups are long-estab- 
lished as these groups go. However, anyone I 
sing in to either should he aware that the signal 
{o-noise nitio is prety low, that sto say, probably 
90 percent + 5 percent of what one sees on these 
‘eoups is questionable information at best, and 
‘often deadly inaccurate and misleading. The FAQ 
file of ree pyrorechnics is reasonably accurate. 

‘WEB PAGES 


Pyrotechnically oriented Workd Wide Web pages 
can be accewed atthe following URL addresses 


‘bmp:mercury.aichem arizona.edu/-tip/pyro.html 
‘ntspftadcit.comell.edu/TomCAJcpaHome hel 
bnp:/ewn peimenet.com/—pyro/ 
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[bureaucrats to ban their manufacture and so, fsocraches 
nd biker exploding fireworks remin porennialy popu 
drawing crowds of Amescans togethes highiiyhiing velebrations 
‘nd festives. and pruviding exidles enterlsinment for pyrotechnic 
hobbyists. The simple teot i that treworks arg an Anorioan 
‘naitution: they sppraito our sens0 of patiatism and conjire wy 
that youthful axcilement over things thst go bong, and a subsarta 
Portion of the pubic compnues 8 enjoy them. This book enaurty t: 
the knowledge to rhe these devices wil always lve mvilable, 
Whethor oF not fneworka thematic remain 39 Over Die years 


[Soe 


Des= groups an various governmont 


8 wall-roundded selnetion of formuins for making the most pop. 

exploding fireworks usec in the tinited Staten wc} woroed! Oui 
‘tho past contury, including the venerable MBO, cherry bombs, aha: 
lab torpedoes, Knalthorpers. aerial bombs, ash eons, cracker bul 
asherackas, and more. 


N addition to scorns af reap autor Jolie Dunner, an explo 


ona manuficluire acid reortant ratety precautions Yor storage 2 
tts OF course the proondunsg described i this emanated Ue 
ronuling ond products are exemayy aanperou, and talkin 0 src 


A cy a wna proce 


